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CONTROL MKASl RES AGAINST THE CHEESE- 
MITES. TYHOLICHIJS CASEI 01 1)S. AND 
TMWPHAGl S LO.\GWR GERV. 

Hv . 1 . MuidKiniMiK. Kiitdiiiolnjiv Dni’-mn. Plant h Biirr.iu, N<*lson. 

and H .M DdUtN. l)airv Kcscaich In^ntiitu (X Z ). l*a]ii)'*r''t'>n Xnrtli , 
.iitmnnt <»r ScitMitific ,tnd Indii'-tn.il Hc'««*aic[i 

{Htiuml for jtn/t(o otion . JSfh 

'Plir tMlIdwni^ .i< < nimt (U*aU uith th<- cotifrnl of in cht'r'sc-stdrc*' 

latfiatuif tlralmu with < <uiln>l nuMsuu*>' i-^ h*m utMl 'I he use of wa\«*h. 
and fnnntranth as a pioiiM-tion airaiiist the mites was tested It was foiiiul that 
<’liet‘ses w hen waved n'eei\ed>ome pioteetion aLnniist mite attaiks. hut.(onlrar\ 
to ireneial hehef, it was hnnid tliat mites can hoie through tlie wav and thll^ 
destroN It as a roveimL" Uusts did not ]no\'e etheUMit i»«iirieis to mite attacks, 
as th<* hi^di hnmidit s faet<ti . a jir<Te<juisite in «. i»eesc-st«>r,t^n*. is a scrnais haiulu aj) 
to then Use Of the tumiirants used nanielv. ammonia, nethvi hrornide. and 
<lieliloroeth\ I ethei tlu* lattei was tonsKhned most suitable. It is idTeetne 
against mites m \er\ low eoneeiit rations, it is easil\ handled and appliecl. and 
Hnalh, it is cheap to use. Du hloioethvl ether mav he used in the \apoui 
.‘^tate for fiinii^Mlion, hut a imue eoinenient metluxl trniiur a more lastniL^ 
efleet Is to «if»ply it as liquid to the shelving 111 the eui 111^1-1 oom (1 Ih. |mt 
l.iMHl cuhic feet of loom space 01 I Ih HMI stpiare feet of sheUilui) , 

alternatiN el\ , the ehee.se.s ma\ he stood on scale hoards treated with diehloroetlu I 
ethei, .Metlivl hiomule is effective as an a<*aricule. hut it is e\|H*nsi\e to Us»‘. 
and hu ks the peisisteiit projXTties of diehloroethyl ethei .Ammonia is also 
an ett'ective acarieidi*. hut it is iiusuitahle larjizeh ow iiu: to the fact that it is 
far too readily ahsoihed liy tlie surrouiulinc media. 


IXTRODITTIOX 

While the pre.mMiet* of elieese-inites in New Zealand has Been known for 
many yt^irs, they were hardlv regarded a.s a prohlem of first importance, 
liecause thev were largely kept in check m hulk checsc-storcs hv low' 
temperatures (4r> f.). During the w'ar period, however, when the shipping 
prohlem heeanie acute, it seemed likely at one stage tlnit large quantities 
of our primary jiroduce, such as beef, mutton, butter, and cheese, would 
havo to he stored in this country until such time as shipping could he 
i—Sciencc. 
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arranged to move it. It seemed almost certain that in such circumstances 
cheese, which was ordinarily held in cool stores as stated above, would have 
to be transferred to improvised stores without cooling facilities in order 
that more perishable products might be held in the stores previously taken 
up by the cheese. If such a course proved necessary, the rapid multi- 
plication of mites in stores, in which a temperature range anywhere between 
45° F. to 75° F. could exist, would present an important problem ; conse- 
quently, a practical and efficient method of dealing with the situation 
became an urgent necessity. 

Regarding the species of mites, TyroUchm cnaei Cuds, and Tyrophagus 
longior Gerv., commonly found in cheese-stores in New Zealand, little need 
be said here since this aspect forms part of the subject-matter of a fiaper 
by Robertson (1 a) (in manuscri})t). 

LITERATURE REVIEW 

It would be beyond the scope of this paper to attempt tt) review all the 
literature relating to control measures ; fortunately for our purpose, an 
excellent summary dealing with mites in stored products has been published 
by Solomon(2), and the writers feel they cannot do better than quote from 
the summary those parts which will give a wider understanding of the 
problem in hand, or, again, where necessary, refer in some detail to 
individual papers. In regard to the control of inites on cheese, Solomon(2) 
reviews the literature as follows : 

Mites (Tyrolichus ca«ei [Oiids.] and other soecies) are an essential m/;?redient 
contributing to the desired aroma of Altf'iiburger ehe(‘8e, and they are specially eidtnred 
for this purpose (Hase, 1029, reprinted m Zacher, 1033). But in gi*nend they aie 
undesirable pests. 

A useful short account of the hfe-history and economy i>f the mites infesting 
cheese was given by Eales (1917). Jary and Stapley (1937) gav<* a comparative account 
of two of the commonest cheese-mites, which had often been confused. 

Eales (loc. cit.) and E. de Ong ami Roadhouse (1922) stresseil the iTnp<»rtunce of 
thorough cleanliness during the curing stage, and recommendevl the clearing-away oi 
dirt, fragments of cheese, and infested cheeses (also Wallace, 191,5). Wallace (loc. cit.) 
and Eales (loc. cit.) pointed out the need for guarding again.st the introduction of mites 
on flies and other insects or on boots and clothing. 

E. de Ong and Roadhouse (1922) and liustan (1937) stated that perfectly waxed 
cheese was free from attack. According to Wallace (1915). mites get in through loose 
binding or cracked rinds, and pressed cheeses are more resistant b) attack lH*cause of 
the hard rind. 

Maintenance of low temperatures as a means of avoiding mite damage in the curing 
stage was suggested by K. de Ong and Roatlhouse (1922) ; Diistan (1937) investigated 
the killing of mites by freezing. Directions have been given for fumigation with sulphur, 
with carbon bisulphide and with hydrogen cyanide (E. vie Ong and Roailhoiise, 1922), 
with carbon bisulphide and with ammonia ((Vanfield, &c., 1934), and wdth a methyl- 
bromide - carbon-dioxide mixture ami an ethylene-oxule - carbon-dioxide mixture 
Glustan, 1937). Instead of the usual dry brushing, Eales (1917) recommended dis- 
infestation of cheeses by carbon bisulphide applied with a brush. 

Por disinfesting cheese-stores, the use of hot water or steam was discussed by 
Dustan (loc. cit.). and a 5 per cent, carbolic wash was recommended by Eales (loc. cit.). 
Wallace (loc. cit.) recommended the scrubbing of walls and wooilwork with an emulsion 
of soft soap and kerosene. 

Hask, a. ; Zur pathologisch-parasitologischen und epidemiologisch-hygienischen liedeu- 

tung der Milben. ZtMchr /. Parasitenk., 1929, 7, 4~6, pp. 765-^21. 

Zacheb, F. : Haltung und Zuchtung von VorratsschAdlingen. Handbiich der Biolo- 

gischen Arheits fothoden. Abt. IX, Methoden der Erforschung der Leistungeii 

des tierischen Organisms. T. 7, H. 3, Acarina, 1933, pp. 574-92. 

Ealks, Nelli k B. : The life-hi8toi*y and economy of the cheese-miteB. Ann. Appl. 

Biol, 1917, 4 (1 and 2), 28-35. 
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Jary, S. 0., and Staplkv, J. H,: Inxeati^ationH c»n the insect uiul allied pests of 
cultivated mushrooms. IX. Tyroglyphus dimidiatm Herm. (longior ) Gerv. A 
note on Tyroglyphuft longior var. castpllani (Hirst). The identity of Tyroglyphns 
siro L. ((ierv.). J. Agric, ColL, lf37, 4(K IIR-SS. 

Ong, E. R. I)E, and RoAUHorsE, V. h. ; Cheese pests and their control. Calif. Agr>r. 
Expt. Sta. Bull. 19i>l>, 399 -4i>4. 

Wallace, M.: Cheese-mites. Agr. (Snz. X.S.Wnlps, Sydney. 191.o, 26 (8), 699-700. 

DrsTAN, (L G. : 'fhe effects of temperature and certain chemicals on cheese-mites. 
Ent. Soc. Ontario, OSth Aim. Bppt., 1937, 60-7. 

C’RANFiKLi), H. T. ; Roebi <’K, A. ; and Stakkoro. ,1. G. W. : 1’he control of mites iij 
cheese-stores. ,/. Mm. Agr., 19.34. 41 (4). 347-52. 

For the treatiiieiit of small quantities of cheese in a fuini^jation vault 
or ti^ht container, Back and Cotton(3) recommend carbon bisulphide 10 lb., 
ethylene oxide 2 lb., or (*thylene-oxide - carbon-dioxide mixture (one part by 
weight ethylene oxide to nine parts of carbon dioxide) 20 lb. per 1,(H)0 cubic 
feet of space fora period of twenty-four hours. In regard to methvl bromide 
as a fumigant they stated : ” It has remarkable [lowers of penetration and 
IS undoubtedly the most efficient fumigant known for the treatment of 
w^arehouses filled with baggeil commodities. As it does not kill quickly, 
it is useless in looselv constructed buildings where leakage is high. ’ 
Mugg<‘ridge and I)olbv(4) stated that dichloroethyl ether is extremely toxic 
to (*h(*es<»-mites wh<*n appli(*d to woo<l with which a mite-infested cheese 
came in <*ontact. Bobertson( I a) refers to the advantages of controlling 
mites at the source of infestation by adopting hygienic methods. 

(Vanfield cf. al.(7i) found Ttjroghjphas loaf/ior the most ])n*valent cheese- 
mite in the Midlands. England. Thev gave the following four factor^ a'^ 
essential in an acaricidi* : 

“ (1) That it will kill a high [lercentage of the mit(*>. includiiur thoM‘ in 
the crevices of the (‘hee.‘<es. 

’’ (2) That it shall be non-niHammabh* and in no wav dangerou> to ii'^e. 
'* (3) That It shall be reasonably cheap. 

(4) That it will not impart a flavour to the cluavse or damage its 
market value in any wav." 

They [minted out that ammonia gas ni suitable ciUHciitratiou i.^ a 
reliable acaricide for the destruction <»f cheeM*-nntes, and that in no case 
was any deterimeiital effect on the flavour of the chee.se ob.ser\ed. In om* 
trial, however, the odour of ammonium butyrate was observe<l to a slight 
extent : the coats of cheeses were wet and slimv. though vimtilation reduced 
the wetness to .some extent. Thev state that “ammonia gas at a concen- 
tration of I : 20 in a reasonably airtight storeroom has been found etfectively 
to destroy chee.se-inites in less than twelve hours’ exposure, and kills of 
over 90 per cent, have been obtained in various experimental fumigations 
under commercial conditions." 

J)ustan(6) tested ammonia, pyrethrum fumes. sul[>hur dioxide, 
“ Weevilcide/’ naphthalene, forniahlehyde, a mixture of methyl bromiile 
6*8 per cent, and carbon dioxide 93-2 per cent., and a mixture of ethylene 
oxide one part and carbon dioxide nine parts. Of these, only the latter 
tw’'o gave satisfactory results. Ammonia at a concentration of 1 : 2n 
(sp. gr. 0’9r>, NH, 28*3 per cent.) killed all mites in exposed positions, but 
only about 3() per cent, kill on the under-surface next the floor. The 
cheese at first had a slight odour and a fairly marked taint in flavour, but 
both of these disappeared after twenty-four hours’ exposure to the air. 

i* 
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He was of the opinion, however, that ammonia fumes were so irritating and 
penetrating that it would not be a practical fumigant to use. The two 
fumigants considered practicable were methyl-bromide - carbon -dioxide 
mixture, and ethylene-oxide - carbon-dioxide mixture. Regarding the 
former mixture, it was found effective used at rates varnng from 8 lb. to 
201b. per 1,000 cubic feet at temperatures of from 58'’ F. to 63' f. The 
effect of the gas on the cheese showed that unwaxed exposed portions of 
cheese picked up a decidedly unpleasant flavour which extended to about 

I in. below the surface. This foreip taste, however, completely disappeared 

after an exposure to the air of from thirty-six to forty-eight hours. The 
fumigated cheese was also fed to animals and no injurious effects w(*re noted. 

Ethylene-oxide - carbon-dioxide mixture, which is non-inflammable and 
non -combustible under ordinary conditions, was reported as having exceed- 
ingly good penetrating powers. It is not highly toxic to man, though proper 
precautions must always be used in handling it. It was used at tin* rate of 
201b. per 1,000 cubic feet. It gave results almost identical with those 
obtained for methyl -bromide - carbon-dioxide mixture. It had the added 
advantage of not imparting even a temporary taint in flavour (►r odour. 
No toxicity tests were conducted with this material. 

Searls et al(l) in a recent paper describe the ust* of methyl bromide as 
a fumigant for dairy factories for the control of such pests as cheese- 
skippers, cockroaches, cheese-mites, and rodents. This is a iLsefiil article 
dealing i^ a practical manner with the fumigation of buildings in different 
states of repair, and providing a table giving tern })era tun*, dosage, 
exposure, &c. 


POSSIBLE METHODS OF CONTROL 

In the following account the authors have (considered different possible 
methods of control under the headings - 

(A) Waxes. 

(B) Dusts. 

(C) Fumigants. 

(A) Waxes 

The waxing of cheese has been common praclict*, but was n*stricted in 
New Zealand before the war and was discontinu(*d during the war period. 
Waxing was done maiidy to reduce loss of moisture from the cheest*, and 
any effect it may have had in protecting the cheese from attack by mites 
was incidental. If it could have been shown that a wax coating offered a 
valuable protection against mites, waxing might have become a necessity. 

The waxes used were as follows 

(а) Paraffin wax. 

(б) Proprietary wax. Composition given as : paraffin wax, 57 per (*ent. ; 

vaseline, 38 per cent. ; rosin, 5 per cent. 

(c) Proprietary wax. Composition not given, but appeared to be ceresin 

with approximately 4 per cent, rosin. 

(d) Butterfat. 

Loaf cheeses weighing approximately 10 lb. each were manufactured in 
the Dairy Research Institute factory, treated with wax when fourteen days 
old, and" then shipped to Nelson for the experiment. Twenty-five cheeses 
were used, thus allowing each treatment to be replicated five times. Each 
set of five cheeses was from the same vat. The experiment was carried out 
in a small room in which the temperature varied according to outside 
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conditions, though during the winter months a small radiator was used to 
prevent the temperature dropping too low. The mean maximum and 
minimum temperatures and humidities and their standard deviations were 
recorded and are given in Table 1. These results were computed from 
weekly mean maximum and minimum temperatures and humidities. The 
humidity was maintained at a reasonably high level by pouring water over 
the floor of the room when necessary. The experiment was commenced on 

27th November, 1942, and continued till 24th Aufjust, 1943, a period of 

‘270 days. The ehee.ses w(>re placed on a flat table surface in the experi- 
mental room and colonies of mit<‘s w'ere scattered over the surface of the 
table, with the result that all the cheeses became mite-infested. The cheeses 
were weighed at regular intervals to determine the effect of the different 
waxes in controlling loss of moisture from the (‘heeses. 

1'aIILK I. l*KK(’ENT4<JK LoSS IN WeKJIIT OF \VaXE 1> AND rVNWXED 

(‘lIKKSEs 

Mean maxmiuin temperature 
.Mean minimum temperature 
.Mean maximum relative humidity 
.Mean minimum relatiM* humidity . 

.'\ 4 »e at first w(‘ighing : 21-2.*) days 



14 Duvh 

:J:j J)a>s 

H2 JlajH 

l.'>4 Daw 

ISM Da\>t 

27(1 Da\i». 

(a) Paraffin wax 

0 1 

o H 

I 9 

4 fi 

5-0 

(>•4 

{h) Proprietarv wax 

0 

0 7 

1 3 

3 2 

4-2 

4(i 

(r) !*roprietarv wax 

0 1 

on 

\\ 

2-9 

3-7 

3 9 

{(i) Butterfat 

1 0 

' 2 fi 

4-2 

7 3 

8 0 

9-4 

(f) Unwaxed 

1 7 

2*8 

4-8 

8 1 

8-7 

19 4 


The two proprietarv waxes gave a rather better retention of moisture 
than the jiaraflin wax, possibly due to the fact that these waxes were more 
plastic than the paraftin wax and so less liable to develop cra(*ks. 

The results of an examination at the end of the 270-day periotl showed 
the following results of mite attack : - 

{a) Heavily infested. Wax covering perforated and eatim away in 
large sections. 

(h) Heavily infested. Wax covering jierforati'd and honeycombed by 
mites. 

(c) Heavily infested. Wax covering lieing bored through and eaten out 

in large holes. 

(d) Heavily infested. F’at covering perforateil and |ll!|m*ycombed by 

mites. 

(c) Heavily infested. 

Discussion 

All the waxed cheeses >vere subjected to a severe test against mite attacks 
and none was resistent to these attacks -the mites attacked the wax covering 
and gradually bored through it ; the portions of wax attacked bad the 
appearance of numerous individual cells penetrating it at right angles to 
the surface ; the cells themselves contained individual mites. That the 
wax offered considerable resistance to the mite penetration seemed clear, 
as the control cheeses in every case showed far more damage than the waxed 
cheeses. Practically all of the mites found in the cheeses throughout the 
greater part of the experiment vrere TyroUchus casei. 


f>4'.3 u ,■) p. 

r>7 0 4 S j . 

S3 P fi f) pel mit. 

72 2 _ 7 1 fiei L-ent. 
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(B) Dusts 

We have not come across any records in the literature concerning the 
use of dusts against mite-infested cheeses. Solomon(2) refers to the use of 
hydrated ferrous phosphate dust for the control of mites in grain, and the use 
of toxic dusts such as co])per carbonate, calcium cyanide, ground sulphur, 
and magnesium carbonate, none of which is considered suitable for use 
where food materials are involved. The writtTS took the view that certain 

mineral dusts might prove useful as barriers to the spread of mites, in view 
of the fact that they would be cheap to obtain and easy to use if they proved 
successful. 

The experiments with dusts were carried out in the same room and under 
the same conditions of temperature and humidity as were the experiments 
with waxes, though the dusting experiments took a much short(‘r time to 
complete. The method of preparing and setting out the ex})erinn‘nts was 
as follows ; 10 lb. loaf cheeses were dipped in wax (proprietary wax C) and 
then cut parallel with the ends so as to divide each cheese into two e(jual 
portions. After cutting, the cheeses were again dip])ed so as t(» st*,‘il the 
edges of the cut surfaces and leave only the fn'shly cut portion exposed to 
mite attacks. In experiment 1 the cut surface was heavily dusted and 
placed face down on a clean table surface and the waxed surfaces wt*r(* then 
coated with dusts. In experiments 2 and 3, in order to spread tin* dusts 
as evenly as possible, a hollow 9 in. cylinder was first plac(‘d on tin* table 
and a coating of dust applied, the cheese (f)| in. to 7 in. diameter) was then 
placed inside the cylinder and again ilust appli(‘d, with the result that a 
circular dust barri<‘r was spread on the table surface about 1 in. wide* around 
the cheese. The dusts used w'ere dolomite, magnesite, s(Tp(*ntine, sulphur, 
and calcium carbonate, all of wdiich had been passed through a ioO-mesh 
sieve. After the experiments were set, a heavy infestation of mites was 
placed on the table wdth amph* food to maintain a strong colony for the 
duration of tin* exfieriment . The arrang<*ment of tin* treated and untreattul 
cheeses was as follows : 

ExI’I'KIMKVT I. — 1)1 K\TION : .SO D^A.s 


Dolomitti 

(lusted. 

Tut rented. 

Magnesite 

dusted. 

riitreat(*d. Dolomite Untreated, 
dusted. 

Maynesite 

dusted. 



KxI’KRIWKNT 

'2. - Di'ratiox : On Da\s 


Dolomite 

dusted. 

Serpentine 

(lusted. 

Magnesite 

dusted. 

.'•ulphui Dolomite -f Untreated, 

dusted. Seipt'iitiiu*. 

Magnesite 

dusteil. 



KxI’KIOMEXT 

3. - Dl RATION : tio Da^s 


Dcdomite 

dusted. 

Magnesite 

dusted. 

Sulpliur 

dusted 

Untieated. Serpentine UaUaum earlionute 

dusted, dusted. 




Discussion 



The dusts are a]>parentlv non-toxic and their action is fiurely mechanical. 
It was observed that nundiers of mites which attempted to cross the barrier 
were finally brought to rest by the weight of dust particles adhering to them 
and that they died before escaping from the dust. Other mites, however, 
succeeded in crossing the dust barrier, so that, while the treatment delayed 
the mite invasion, the treated cheeses all eventually became infested, though 
not so rapidly as the untreated cheeses. It seems clear that when mites 
are present in large numbers dust barriers of the kind used woujd be of 
relatively little value for protecting a product such as cheese. The conditions 
under which dusts would probably be most effective — i.e., low humidity — 
are the conditions least suitable for storing cheese. 
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AGAINST ChEESK-MITES 
(C) FrMKMNTS 

8olonion(2) has HsUh] a wide raii^<e of chemicals which have been used 
as fumigants against mites infesting various products. The list includes 
the following : hydrogen siil])hide, ammonia, hydrogen cyanide, nitrous 
oxide, sulphur, sulphurous slag, chlorine, carbon dioxide, carbon bisulphide, 
])aradichlorobenzene, trichloroethylene, carbon tetrachloride, naphthalene, 
lieiizeiie, chloropicrin, pyridine, aniline, monomethylaniline, formaldehyde, 
<‘thylene oxide, methyl i)romi(le 4 carbon dioxide, methyl salicylate, ethyl 
acetate f carbon tetrachloride, ethylene dichloride (dichloroethane), 
“ Areginal hnethyl formate). 


Antnio)iifi 

It was obvious that many of the chemicals listed would not, for ditferent 
reasons, be suitalile for the fumigation of cheese. The unter> <lecid<*d tirst 
to use .immoma, sinc<* it was readilv obtainable and was relativelv cheap, 
and also in A'iew f)f tin* work alreadv referred to. which indicated that its 
possibilities were jiromiMiig. 

ExpennienUt]. In preliminary laboratorv (‘XjxTiments mites were placerl 
in a })etri dish in a large earthenware jar (b 1.) into which a known cpiantity 
of ammonia g<*jis was introduced. The jar was then sealed and placed in a 
thermostatically controlled cabinet. The results W(*re somewliat variable, 
(lue to lack of anv means of circulating and mixing the air and anmioma 
and to lack of control of humidity. For this reason the results have not 
bt*en reproduced in d(‘tail. It was possilile to show. how(*ver. that ammonia 
gas was highlv toxic to mites, an exposure for one hour to a concentration 
of 30 mg. })er litre, giving UK) per cent, mortality. 

Effect of A ituHonHt ON Cheese. Small-scale trials wtue nunb* to <letermine 
the effect of ammonia vapour on the flavour of cln‘es(*. A senes of loaf 
cheeses were enclosed in hell-jars each containing a dish of dilute ammonia 
solution of such concentration as to give the desired partial jiressure of 
ammonia in th<* air round the cheese. It was found that the outside of the 
<‘heese acquired an ammomacal odour and an unpleasant soap\ taste. The 
inside of the cheese was unaffected. The depth of jienetration was readilv 
obs(*rved witli coloured cheese in which th(‘ outer laver became discohmred. 
The depth of the discoloured laver varied according to the concentration 
i>f ammonia and time of exposure. With the minimum comarntration and 
time of exposure necessary to kill cheese mites -c.(/.. lo mg. I. for twenty- 
four hours or ‘io mg. 1. for three hours the depth of the affected layer was 
less than in. and so would not cause appreciable damage to the cheese. 

Larpe-scdle Trials. The tirst trial was made in a room measuring 22 ft. 
X lift. X 1(1 ft. (cubic cajiacity, 2.42(t cubic feet). The walls and floor 
were of concrete and the ceiling t)f wood, anil the room was fitted with 
shelving on wdiich there were a mimlxT of ch<»eses. Windows and doors 
were closed, but no special precautions were taken to make the room 
gastight. Ammonia from a cylinder was admitted through a hose passed 
through a drainage opening in an outer wall. The cyliiuhT was placed on 
miles so that the weight of gas admit te<l could be determined. Six pounds 
of ammonia was introduced, giving a do.sage of 2J lb. per K(KH) cubic feet 
(“" 4() iiig./l.). The atmosphere was sampled through a tube at the oppo.site 
end of the room almut 3 ft. from the floor. The samples were taken in 
evacuated separating funnels of about 250 ml. capacity. Before this was 
ffone the tube w’as flusheil out by aspirating a quantity of air through it. 
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Ammonia in the sample was determined by introducing a quantity of 
standard acid which was shaken round and then rinsed out into a flask and 
titrated. Results obtained are given in Table IT. 


Table II. — Table showing Results of Immediate Sampling and at Intervals 

AS STATED FOLLOWING RELEASE OF AmMONIA SUFFICIENT TO GIVE A (CONCENTRATION 
OF 40 MG. PER Litre 


Tiuio after Aninumia AdinNHion 
rompleted. 


Concpnt ration 
(mK 1.) 


Hr. min. 
0 0 
1 30 

r* 0 


10 

(» 

Nil 


Examination of cheeses showed that only a very incomplete kill of 
mites had taken place. 

A second trial was made in a different room which was chosen for the 
purpose. This was an isolated building wnth brick walls and concrete floor 
and ceiling. It had one door but no windows. There were a number of 
ventilators, which were covered with cardboard before eomiuencing the 
fumigation. The dimensions of the room were 27ft. bin. X loft, x 
8ft. bin., giving a cubic capacity of 3,506 cubic feet. At one end of the 
room a stack of 150 cheese-crates was enacted to simulate a stack of crated 
cheese. Cardboard cylinders inside the crates were used to restrict diffusion 
to the amount which would occur in a stack of crat(*.d cheese*. The crates 
were stacked three tiers high ami the top of the stack was about 18 in. 
below the ceiling. Glass tubing was arranged to permit sampling from 
four points of the stack : at the front and the back of the stack b in. above 
the floor and at corresponding points at the top of the stack. The tubes 
led out under the door, which was sealed with adhesive tape before 
commencing the fumigation. The ammonia was admitUid through a 
rubber hose passing through a hole in the <loor. A dosage of 2.J Ib. per 
1,(XX) cubic feet (40 mg./l.) was again used. Admission of ammonia took 
ten minutes. vSampIes were taken at intervals from the four points iiy the 
method already described. Results are given in Table III. 


Table III 


Time after Ammonia Admirisioii 
eoni[)letP(l. 


Coiiepiitmtimi of NH 


Front Top. 


Front Bottom. 


, in Air (mit. 


Rt‘ar 'J’op. 


I Hear Bottom. 


Hr. min. 
0 5 

0 30 

1 .50 

19 0 


3r> 

0*5 

8-5 

0-4 

3-0 

10 

20 

0*5 

2 5 

0-5 

(>'5 

Nil 

Nil 

Nil 

0‘3 

Nil 
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The results show a rapid loss of ammonia due either to diffusion or 
iibsurptiuiL Suilic laboraturj experiments were made to determine extent 
of absorption of ammonia by brick or concrete. An apparatus was set up 
as shown in the diagram (Fig. 1). 

A 20 1. aspirator jar (A) was connected by glass tubing l(‘ading from its 
neck to the tubulure of an inverted bell-jar (B). The neck of the bell-jar 
was connected with a rubber bellow's (C), which in turn was connected to 
the tubulur(‘ of (A). The bellows w'as operated by a crank mechanism (D) 
driven by a motor through reduc^tion gearing. The rate of air circulation 
w'as about ^ 1. per minute. Sam])les of absorbing material w'ere ])laced in 
the bell-jar, which w'as closed by a glass plate. To introduce a knowm 


G 



<|uantity of ammonia, the vessel (A) was isolated from the rest of the 
ajiparatus by closing the taps (E) and (F). Pressure in (A) was reduced to 
the desired extent by evacuation, and ammonia was then admitted from a 
cylinder through tube ((1) till atmos])heric pressure was again reached. The 
concentration of ammonia in the system was calculated from tlu' manometer 
readings and the volume of the apparatus (31 1.). Sam])les of gas were 
withdrawn! as required through the tube ((1). In one experiimmt a brick 
(9 in. X 4J in, X 3 in.) wnis placed in the vessel (B), while in another a 
concrete roofing-tile (16 in. X 9 in.) wnis used. In a third experiment a loaf 
cheese was placed in the apparatus. The brick and tile were each wnished, 
and then dried for tw'enty-four hours at room teiu})erature before being 
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plact'd in the apparatus. Circulation of air in the apparatus was not 
comruenced till after the object had been introduced and the b(»ll-jar closed. 
Results are given in Table IV. 


Tahi.k IV 


Absorbing iiuiti'rial . | 

1 

(‘ontrol. j 

llrlck 

CofiiTrto Tib', j 

('hco*He. 

Ratio surface of material 

{ 

1 


! 

0():{7 

Voluiuf* of apparntu" (no. - *) 

Nil ! 

O'O.Ti 

0 ofUi j 

CoiKTiitrat Ion XH , addnl (inji. d.) | 

40 ! 

1 

40 ! 

1 

4(1 ¥ 

14.'. 


Conrontratioii in nia I aitrr CoiunitjaHoii in lutf I 

of - 



Hr. 

rain. 







0 

ir> 


, 

1 


03 


0 

30 

1 




30 


0 

4.*) 

30 n 

' 

12 n 

in s 



1 

0 





2S 


1 

1.-) 



0 

12 n 



1 

4’) 

30 






o 

(I 


1 



22 



0 

3n 7 




20 


3 

in 



7 




3 

.no 




7 ’.n 



() 

0 



0 




U 

no 




n 



i»n 

0 





12 


21 

0 

.30 






23 

0 




3 



24 

0 







70 

0 



n ,n 




I){scffssi<nf, -The control expeninent with no abs(»rbing material in the 
system shoW(*d that losses due to absorption wen* small and that leakagi* 
losses were negligible. Both brick and concrete absorbed most of th(‘ 
ammonia m the apparatus within a feu hours. The (dieese also absorb(»d 
ammonia rajiidly. A further (‘Xperinient witli a brick which had been 
])amted all o\ei wdth oil-bound water-paint gave similar results to that 
wdth untr(*ated brick. 

The ratio of area of walls, floor, and ceiling to room vidume foi tin* store 
used in the second large-s<'ale trial w'as cm.- - ‘ , as compar(*d w’itli 

()-032 cm. for the laboratory experiment using brick. Absorption of 
ammonia by the materials of which the room w^as built would therefore 
account for ])art of the losses found. The remaining losses must be 
attributed to leakage or diffusion. Tin* rate of absorption of ammonia by 
cheese w^as very rapid, so that in a store containing a quantity of cheese 
the losses would be considerably greater than in an empty room. 

From these results it was concluded that the production and maintenance 
of an eifective concentration of ammonia in a ch(»ese-store was impracticable, 
and work with ammonia w^as accordingly discontinued. 
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Methyl Bromide 

Methyl hroniide as a fumigant against niit€»s in cheese-stores has already 
been referred to. It is a stable liquid with a b.p. of 4*5'^ c., sp. gr, 1‘732. 
It vaf)orizes rapidly on ex}>osure to air, and because it is at least three times 
heavier than air it tends to fill a room in the same manner as water would 
hll it. Commercially it has wide us(» as a fire-extinguisher, for which 
purpose it is ))Ut in small metal cylinders. It is used also in the technique 

of refrigeration. Methyl bromide is toxic to man, Imt what exactly coiisti- 

tutes a toxic dose is not known, though it has been stated that exposure 
for one hour to concentrations of 0*4 per cent, to 0*H per cent, would l)e 
likely to prove fatal. Again, there is a possibility that it might act as a 
cumulative poison, though the literature on this ]»oint is conflicting. 
Headaches, vomiting, uncertain gait, tiredness, double vision, and mental 
disorders are some of the symptoms of methyl bromide jMUsoning. It is 
inappro[>riate tf» deal with the medical aspect of this subject here, but it 
,seems desirable, on the other hand, to draw attention to some of the hazards 
to health which might r(‘sult from any carelessm‘ss in its u>e. 

As a precaution, a gocul gas-mask should al\Nays be worn when fumigating 
with methyl bromide. A detailed account of the ])recautions necessary 
when fumigating dairy products ami plant has beim giv^m by SearK et. ril.(l). 

Ed pv! nuenUiU- The laboratory experiments with ammonia gas showed 
that it was not |»ossibl(* to secure n‘pro<lucibh‘ r<*sults unless the apparatus 
had }>roper means «»f circulating ami mixing air and fumigant and of 
controlling the luimidity. After a search for a suitable design, it was 
deculed to use an apparatus of th(‘ type described by Pag<^ and Lubatti(S). 

The principal coinjxments t>f the apparatU'^ were a large '^tainless-.stetd 
metal cylimler res(*r\oir (\) (Fig. 2) (T approxnnatelv 134 1. <apacity. with 
a remo\able lid (11) hehl in place by VMiig nuts (I.,), a vacuum gauge (C). 
a motor-drivtm ball-bearing fan (D) for ciiculating ard mixing the cylmd(*r 
cont<‘iits. and four small fumigation cells (M) (‘ach cell approximattdy 450 ml. 
capacity, in which the matt*rial to be fumigated could be placed. The 
ap})aratus was operated as follows: the cylimler was (‘\acuated through 
nozzle (F), controlled from vahe (H), ami the recpiireii fumigant .ind water 
vapour were then taktm into tln‘ cylinder through tin* same connections. 
The gas w'as then circulat<*d by the fan (I)), which has a lead to the bottom 
of the cylinder. By closing stopcock (♦!) and opening \al\e ((1) (the latter 
was s(»at(*d in the lid) the cylinder (’onteiits were drawn through pipe (K) 
and forced to the bottom of tln‘ cylinder and thus continually circulated 
and mixed. Mit<'s m p(‘tri dishes were placed m fumigation cells (M), which 
were seahul to exttTior infiiiences by means of plat(*-glass disks (O) lightly 
smeared with vastdine at the edges and presstul down on to the flang(*d 
edge, and held m place by means of metal spring clips (K) : stopcocks (4) 
ami (P) were ojamed, as also were the stopcocks (X), depimdmg on wlnuher 
one or more of the cells was to be used, while vahe ((J) was closed, with the 
result that the fumigant was drawm through the cells, through stojicock (41, 
tbrough fan (1)), and s(» on to tin* bottom of the cylinder. In ordt‘r to k(*ep 
the contents of the evlmder well mixed and to avoid undue U‘-t* of the fan 
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Fio. 2a 


Figs. 2 a and 2B. 
At stainless'steel c ' 
V, noaxle through 
yalve control 


ii /.Alla -1 \ 1 Vi: . i I'Uuurvi/iuu a#, wiug nuro lor iioiaing lift : 

^ dtok^ " K.'iSJw Vl5: P““*® of W“ to oeU. M ; 
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and motor, a time switch was employed which ]>ermitted the motor to 
switch in at fixed intervals. The factors controlled during operation of the 
apparatus were time, temperature, concentration of fumigant, and humidity, 
the latter being checked by means of the silver-mirror method at the end of 
each experiment. 



Fio. 2 b 


It was not feasible to make mortality counts immediately following 
exposure of the mites to the fumigant because of a time lag before the full 
effects of the fumigant were felt. The following procedure was therefore 
adopted. The petri dishes containing the mites were removed from fumi- 
gation cells (M) ; random samples of approximately twenty mites were 
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counted from the petri dishes into small cells (A) (Fig. 3), of the kind devised 
by Robertson(l). The cells for these experiments were made by boring a 
tapered hole through a wooden block J in. thick. The base was covered 
with porous paper, while the top was sealed by a rubber washer (B) and a 
glass square (C) held firmly in place by two spring clips (D). Mites were 
placed in the cell through the hole in the centre of the glass square, which 
was then ctosed ,by means of a small wooden plug (E). The cells were then 
placed in a desiccator jar, in which the relative humidity was kept at 80 per 
cent, by means of a saturated sodium chloride solution and held thus for 
a period of twenty-four hours at a temperature at which the fumigation 
portion of the experiment was carried out. At the end of the })eriod the 
contents of the cells were counted and recorded as shown in the tables. 



Fig. 3. —Cflls uHed for holding mitcH following fumigation tiratment. A, wcKidon 
blofk, l^in. X ill. Jin.; R, rubber wasln*r ; (\ gla-'^'i square; I), spring 
clip ; K wooden plug. 


Using the apparatus already describee!, the laboratory procedure for 
testing the effect of methyl bromide on the mites was as follows : the 
methyl bromide vapour was measured volumetrically over a saturated 
solution of sodium chloride and then drawn into the cylinder, together 
wdth the required amount of water vapour, and air pr(?ssure within the 
cylinder was adjustcid to the external pressure. By means of the fan the 
cylinder contents were thoroughly mixed and a sample of the mixture was 
then drawn off to check by analysis the methyl bromide conce-ntration, 
using the method described later. Samples of mites for treatment were 
scraped from a cheese surface and placed in position for fumigation, but 
before fumigation commenced control samples were counted out into cells (A) 
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(Fig. 3). At the end of a twenty-four-hour j)eriod, following fumigation, 
counts were made and percentage mortality computed as described by 
Bliss(9). Table V gives results of two series of experiments. 

Tabi.e V 

Fumigant: Methyl bromide. Temperature: BS f. 1 . Re!ati\e humidity: 


80 per cent. 

3 per cent. Time of exposure of mites to fumigant 

: 4 hoiiiH. 



Exncrimcnt ! Milliuruiim 

NudiImt of 

XumbiT of 

Pem*nta{fe M<»rtality. ; 

Croiiit 


No. 

( |K*r Lit IV 

! 

Mit«*s iiw*iL 

Mitfs 

burvufd. 

1 ; 

Trcatwl. 

Kill 

1 

1 

11 

IBO 

38 

0 

70-2 

5-71 


<•> 

loti 

HiO 

41 

0 ; 

74*3 

5-05 


3 

1 Mt 3 

IBO 

2(i 

2-5 

83 3 

5-00 


4 

1 nn 

IBO 

40 

0 

75 , 

5- 07 


f) 

; n-.*i 

KHI 

72 

0 : 

.55 

5- 12 


(» 

n 1 

IBO 

120 

0 i 

25 

4 32 


7 

i 

, IBO 

143 

0 

10 0 

3 75 

1 

S 

! s-n 

IftO 

135 

5 

11-1 

3-77 


0 

8 4 

1 D»0 

132 

7 • .■) 

lOS 

3 70 

2 

i 1 

12 3 

! 14<» 

! 

0 

70 2 

5S1 



11 11 

120 

> 43 

10 

(>0- 1 

5-25 


a 

1 1 

120 

’ 74 

0 

3S 3 

4-70 


1 4 

' 10 

; Itio 

114 

2 • 5 

2<i 0 

4 3S 



10-2 

Dio 

134 

' 2 5 

141 

3 02 


(’omparing series 1 with series 2 in Table V. a gri’ater concentration of 
methyl bromide is required to kill in the latter serle^ conqiared with the 
former. Whatever the true explanation of thi.^ ditterence may be, one point 
does seem clear -nanudy, that environment plays some part in mite resistance 
to a fumigant. This point will be discussed more fully when dealing with 
dichloroethyl ether. Dealing with anomalies, as in seri(*s 1, expennient> 3, 
H, and 9, (Mivironment may again have played a part, but the relative age.x 
of the mites comprising the sample might also bt‘ equally resjumsible for tin' 
difterences. The writers are convinced that for more exact results in 
investigations of this kind the mites shouhl be reared undt'r controlh'd 
(‘onditions s<i that age and environment preceding treatment are known. 

The dosagt' mortality curves (Bliss(9) ), calculated from the data m 
Tabh* V, are shown in graph form in Fig. I. In Table VI the v.ilues for 
X‘ show that the observed ])oints do not vary significantly from the expected 
jioints on the regression lines, and, again, the value for t indicates that the 
differences of slope of the lines is not significant. 


Tabi.k VI 

l>il!\*mur n» /» th«’ of tin* 




1 

i 

Vimaiuv 

1‘ooli-ti 

t. 

I /♦ 

1 

^ 1 

1 \*- 

1 ! 

I*. 

ot h 

Varian'v. 

1 7 

, 0(M)38 

ooo 

20 752 

1 1-015 

l-,543 

0 3l« 

2 3 

1 0tM)3 

! i 

0-90 

i 

2t»-308 

! 2-775 

1 
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There is relatively little difference in the toxic effect of methyl bromide 
on the two common cheese-mites, Tyrophagus 1>ongior Gerv. and Tyrolichus 
casei Cuds., as the results in Table VII will show. Both species of mites 
in each test were treated by the same concentration of the fumigant at the 
same time. 



Table VII 


Fumigant : Methyl bromide 


Experi- 

ment 

No. 

Milli- 

grams 

j»er 

Litre. 

Number 
of Mites 
used. 

Number 
of Mites 
survived. 

Percentage Mortality. 

Tem- 

perature. 

Relative 

Humidity. 

Time 

! Mite Hi)ecle8. 

Untreated. 

Treated. 

(Hours). 

I 

11-6 

t 

240 

93 

14-5 

54-7 

68 

80 

4 

caaei 



159 

5 

0 

96*9 

68 

32 

4 

longior 

2 

11 •S'C 

159 

20 

2-5 

870 

68 

32 

4 

ca^ei 


f 

159 

19 

0 

88-1 

68 

36 

3* 

longior 

3 

11 *7< 

169 

25 

6-2 

82-6 i 

68 

36 

4 ; 

raaet 

A 

1 1 . J 

160 

14 

7-6 

90-5 

68 

78 

4 

longior 

4 

11 *7 < 

167 

8 

5 

94-7 

68 

78 

4 

ra^ei 

e 


159 

36 

0 

77-4 

68 

83 

4 

longior 

0 

1U*7 < 

159 

101 

51 

33' 1 

68 

83 

4 

caaei 
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In experiment 3 the mortality figure for longior is lower than it should 
be, because exposure to the fumigant was half an hour less than it should 
have been. With the exception of experiment 4, the results indicate that 
msei is slightly more resistant to the fumigant than lomjior. 

Determination of Methyl Bromide . — The method of Stenger, Shrader, and 
Beshgetoor(lO) was used. The sample of gas was taken in an evacuated 
vessel of 250 ml. to 500 ml. capacity. Two millilitres of ethanolamine were 
introduced through the stopcock of the vessel by means of a capillary tube. 

After fifteen minutes, when hydrolysis of the methyl bromide by the 
ethanolamine was complete, the sampling vessel was washed out with 
water, the solution acidified with nitric acid, and the bromide determined 
by the Volhard method. Determination on a weighed quantity of methyl 
bromide gave 100 per C(»nt. recovery. In a further experiment, using the 
ay)paratu8 described previously (Fig. 1), a quantity of methyl bromide 
vapour sufficient to give a concentration of 100 mg. /I. was introduced into 
the apparatus. A sample taken after forty-five minutes showed 85 mg./ 1., 
and one taken five days later, 84 mg./l. 

Absorption of Methyl Bromide by C//cc.sc. — Absorption of methyl bromide 
by cheese was investigated in the same manner as absorption of ammonia. 
Kesults are given in Table VIII. 


Table VIII 

0 H 3 Br ifitroduced (calc.) .. .. .. .. 29 mg. 1. 

Concentration (’H aBr found after forty-five mmutcb . . 15 0 mg./l. 

(Vmcent ration C'H jBr found after three hours . . 15 *0 mg. '1. 

Concentration (’HsBr found after ninettH^n hours . . 15 -fi mg. 1. 

The results showed that, as compared with ammonia, the absoryition of 
methyl ])romide by cheese was small. 

Larye-srale Trials. — A trial fumigation was carried out iti the same room 
as w^as used for the second trial with ammonia. The same stack of cheese- 
crates W’as present and arrangements for withdrawing samples wH're the 
same. A few mite-infested cheeses w’ere placed in the stack of crates. 
Methyl bromide from a cylinder was admitted through a hose and allowed 
to run on to the floor and eva})orate from there. Kesults are given in 
Table IX. 


Table IX 

Methyl bnunide introduced : 4J lb. - 1-2 lb. per 1,1MM) cubic feet -- 19-5 mg. 1. 


Time after AilinituMon of 
CH ,Br completed. 


Hr. min. 
0 20 
1 0 
5 0 

18 0 


, Conccutration«i foiunl (iu>i 1 ). 


• .Stack Front. stack Kear. 

/ 


I Top. 

[ Bottom. 

Tup. 

1 

I Bottom. 

( 

1 

: 1 

1 I 


! 

i • • 

3 

' ! 

72 i 

3 


5 

! fi 1 

5 

1 fi 

0-5 

1 0-7 , 

1 ; 

fi-fi 

i 


The results in Table IX show'ed that there had been serious stratification 
of the vapour and that when, after five hours, the vajiour had diffused 
uniformly through the vstack its concentration had fallen too low to be 
effective. A considerable proportion of the mites present on the cheeses 
were found to be still alive after the fumigation. 
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A second fumigation was carried out later. Six cheeses heavily infested 
with mites were placed in crates at various parts of the stack. The methyl 
bromide was led from the hose into a shallow pan, while a fan was arranged 
to draw air over the pan and blow it vertically ufiwards. Results obtained 
were as follows : — 


Table X 

Methyl hromkle intrcKluced : 15 Ih. = 4*3 Ih. per 1 jWO cubic feet - fiH mg. 1 


Coneentmtionf* fuittul (ni>j I.). 


Tiint* aftijr Admission of 
complt'tod. 


Hr. mill. 
0 20 
0 r>o 
2 0 
0 30 
0 40 

2.3 O 


Stack Front. 


Top. ! iJottom. 

! 


13 17 

22 ' 12 

22 i 2r> 

4 1 24 

4 i 27 

Nil I Nil 

I 


Stac’k 


Top. 


l)ott«>iu. 


1 .*) 


12 

IS 

12 

4 


Nil 


The figures above indicate that uniform distribution of vapour throughout 
the stack had been secured. The concentration rciacluMl was very mucli 
below that expected from the cjuantity of methyl bromide introdiic(»d, but 
was sufficiently high for the first two or three hours to give an effective kill 
of mites. This was confirmed when the cheeses were examined. No living 
mites were found and it was evident that a sufficient concentration had b(‘en 
reached ev<ni under the chees(‘ and in cracks in the che(\se. 

In order to determine whether a complete kill of eggs liad also been 
obtained, one chee.se w’as crated and wrapped in cellophane, tin* edges of 
which wT?re secured with adhe.sive cellulose tape before removing the crate 
from the room. This covering should have removed any chance* of 
reinfestation. The cheese was examined eight weeks later and a colony of 
live mites was found on a small area under the chee.'^e. Kvidently a number 
of eggs in this area had escaped destruction. 

Disrassiori. -It was conclu(le<l from the.se experiments that fumigation of 
a store with methyl bromide at the rate of 4 lb. p(*r 1,(MK) cubic f(*et w’mild 
give a u.sefiil control of mites, but that, wdiile valuable as an emergency 
measure for treating a store filled with crated che(*.s(‘, tin* method would be 
too costly for use in factory curmg-rooms. Tin* (‘ost, at New’ Z(*alaini retail 
})riees, of the methyl bromide iLsed in the second treatment of the exp(*ri- 
mental store was £24. While methyl bromide could he secured more eh(*a|>ly 
by bulk importation, the method would still b(* exjiensive. In addition, 
the construction of many factory curing- rooms is such that they could not 
be rendered gastight and excessive losses of fumigant would occur. 


Dichloroethfl Ether 

Dichloroethyl ether has been used as a soil fumigant against wdreworms 
by Campbell and Stone{ll), by Campbell(12), and by Pepj)er(13), against 
plum curculio by Snapp(14), and against the, woolly aphid by Underhill 
and Cox(15). It has also been used as a glasshouse fumigant by Willcoxon 
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and Hartzell(16). Miig^t*rid^e and Dolby(14) found dichloroethyl ether 
to he extremely toxic to cheese-mites, and showed that if the wood that 
cheese stands on was treated with it, it remained toxic over a considerable 
])eriod of time. More recent r(*searc.h both in the laboratory and in ch(?ese- 
stores fully confirms its value as an imjjortant acaricide. 

The vapour of dichloroethyl ether is toxic to human beings, and as it 
is important that users should have a knowledge of the hazards luvolvad, 
the following data on its toxicity have been summarized from a j)a]:>er by 
Schrenk, Patty, and Yant(17) in Table XL 


Table XI. — Toxk*ity of Dichloroethyl Ether 


Volunu* I 
(’oiiccntratioii , 
(IVrrnitaffr). * 


MilliiirainH 
IKjr Lkrc. 


Fontiiloi |MT 
l.(HK) 


EfltMt oil Ouiiitsi-piU" 


\N arniittf Pn)i)ertU's, 


I 

o 0*2 


% 

0 01 0 02 0 r> I -0 


O-05-t) fo 3 0 


O 01 


0 03 o on 


0 2 0 4 


X<) .s<‘Ti<»U8 rcspoiiNt^ after 
12 hours’ evposute 


Xo •<ei*iori^ I’cspon.st* after 
no mumtes’ evposmf, 
Diatrirbaiier* of reN]>ir* 
ation after tire or sr\ 
hours* exposure. 
Death after twelve 
houtV <*.\posuie 
T<*n Tiiiiiutes' exposure 
eauseil shjirht eon- 
j/e'itrorr of lutigK w lueh 
elear<*<l up within 
emht days. M houiv' 
expo.sure cuummI death 
within tw ruit y -ftMir 
hours 


Easily not 1C ea hie 
• aloiir. Only slight- 
ly oflTensixe and 
pra(tieall\ free 
iVfun irritation of 
eyes and no*»e. 

Shghtlx nauseous 
fxloui and slight 
imtatirui of eyes 
and nose. 


VeiY nutating to 
e> es aiul nasal pas- 
sag«*s. Deep inhala- 
tions nauseating. 
Intolerahle atnu)- 
"pluMC'. 


It should be noted that 6 mg. I. is the highest concentration of 
dichloroethyl ether in air which can be reached at ordinary tempor.itiires. 
Coneeutrations approaching saturation are highly toxic, but the wariimg 
firoperties are so good that no one would voluntarily remain in an atmosphere 
with a dangerous eoncentration for long enough to siifTer harm. In this 
ri'sjiect diehloroethvl ether is preferable to methyl bromiile, whirh has no 
smell and prorluces no immediate symptoms when dangerous amounts have 
been inhaled. 

By using the apparatus and techiiic|ue alrr'aiiy describerl, 
the toxicity of dichloroethyl ether vafiour at difiereiit concentrations was 
tested against the cheese-mite, 'f f/rolichns casei Oiuls. The n‘quired (juantity 
of dichloroethyl ether was measured out in liquid form by means of a 
mi(Topi]>ette.* One division of the pipette correspondtMl to S-61 mg. of 
dichloroethyl ether, which, when vaporized in the apparatus, which had a 
cajiacity of 134 1., would produce a concentration of 0*061 mg. I. 

* We wish to thank Dr. Askew' for assistance in this connection. 
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The results are recorded in two separate tables. Table XII shows 
results of exposure of mites to the lowest concentrations of dichloroethyl 
ether used, but with variations in the temperature and time factor. 
Table XIII is a record of results of treatment of mites at different con- 
centrations of dichloroethyl ether, but with the time and temperature 
factors kept constant. Kelative humidity in both tables was in the vicinity 
of 77 per cent. The mortality amongst the untreated mites was dealt with 
in the same way as in the methyl bromide experiments. 


Table XII. — ^Table showing Effect of Low' Concentrations of Dichloroetiivl 

Ether on Mites 


Dichloroethyl ether concentration : 0-0C4 mg./l. ” 
Relative humidity ; 77 per cent. ± 5 per cent. 

0*(K14 lb. per 1,000 cubic feet. 

Experiment No. 

1 1 

Nunibt'r of ! 
Mites used, j 

i 

Fereentft^i 

T'litrented. 

‘ Mortality. 

1 Treated. 

j Time 

— , exposure 
j (Htmrs). 

1 1 

Temperature 

1 

105 

2*5 

8S-2 

! 05 

OS 

2 

loi ! 

105 

91-5 

i 72 

OS 

3 

isi 1 

7-5 

1 54*2 

72 

00 

4 .. ..| 

100 i 

' 1 

ns i 

i 4S-fi 

t 72 

00 


The results iii this table indicate that only a trace of dichloroethyl ether 
is necessary to control the mites vrhen a thorough distribution of its vapour 
can be obtained and its concentration maintained. 


Table XIII. — Table showing Effect of DicHLf)ROETHVL Ether at Different 
Concentrations on Mites w'hen other Factors ark (’oSvStant 

Relativ'o humidity: 77 per cent. .5 per cent. Temperature: 70 f. j2'K. 
Time of exposure : 4 hours. 


Series. 

1 Milli^rurns 
i i>er Id^re. 

Pounds per 

J .(M)0 

('ll hie Feet. 

1 

Number of 
Mites used. 

j l*erceiitam 

I'litreiited 

Mortality. 

Treated. 

1 

0‘3S2 

0-024 

252 

2-5 

02 


0-3S2 

0-024 

240 

5-4 

82 


0-318 

0-020 

2(M) 

2 7 

05 


0-440 

0-028 

20 

2-7 

75-5 


0-255*^ 

O-OlO 

182 

2 7 

38 

2 

0-382 

0-024 

272 

5-2 

88-3 


0-440 

0-028 

220 

0 

04 5 


0-500 

0 0.32 

242 

5-5 

00 


0-573 

0-030 

232 i 

; 20 

07 

3 .. 

0-382 

0-024 

201 

; 

4 


0-440 

0-028 

197 

0 

48-8 


0-509 

0-032 

209 

0 

52-5 


0-573 

0-030 

200 

0 

80 

4 

0-382 

0-024 

190 

6-2 

80-0 


0*446 

0-028 

189 

5 2 

71 


0-509 

0-032 

181 

10-2 

92 


0-037 

0-(H0 

177 

2-5 

90-0 


• Not taken into the calculations, since the temperature at which this experiment was carried out 
was TB S'* F. 
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The experiments in series 2 and 3 of Table XIII are each strictly 
comparable, one with the other — that is to say, that each experiment at 
the given concentration in both series was conducted at the same time and 
thus ex|> 08 ed to the same set of conditions. The difference between the 
series was the environment from which the mites were taken. The mites 
for series 2 experiments were taken from cheese exposed to daily fluctuations 
of summer temperature and humidity, while the mites used for series 3 
experiments were taken from cheese held in cold store at a constant 
temperature of aj)proxiniately 45° f. and fluctuating humidity. Why mites 
from one environment proved more susceptible to a toxic agent than mites 
from another environment remains unexplained. The idea might be advanced 
that metabolic processes of the mites from the cold environment may be 
considerably slowed down as compared with that of those from a warm 
environment, with the result that reaction to the fumigant in the former 
case is much slower than it is in the latter. Again, in the table it will be 
not(‘d that different mortality results occur in using the same concentration 
of gas, but this is probably explained by unevenness in the samples 
themselves. 

The response of the mites to the small differences in concentration of 
the dichloroethyl ether is worthy of note and is best illustrated in series 3 
experiments, where successive increases of dosage of the order of OG64 mg. 1. 
show a corresponding increase in jiercentage mortality. 

Dosage mortality curves were calculated from the data shown. Because 
of the differences of environment from which the mites used in series 1, 2, 
and 4 were taken as compared with those used in series 3, the experiments 
in the 1, 2, and 4 series were treated statistically as experiments in one 
series and the experinuuits in series 3 as those in another. The results are 
given in Table XIV, which follows : — 


Table XIV 

Valiit''. for \ 


Diffrn-nro in b the SIojm* of the Line 



t ' 

n . 

v'. 

i p. 

b 

V.iruiirr 
..f h. 

Variam c* 

1, 2, 4 . . 

3 .. ; 

1 

2 

1 4a *934 
' ,37 848 

, 0 05 

0 05 

i 4- 107 

1 13-532 

2 0 

15 5 

0-7 ; 1 ♦ 090 


The large x" indicates that there has been some uncon t rolls bh» factor 
in the experiment, thus causing large fluctuations in the numbers killed for 
each dosage. This perhaps is not surprising considering the very small 
dosages of dichloroethyl ether that are recpiired to bring about a relatively 
large increase in the percentage of mites killed. Very small fluctuations of 
dosages as measured by a micropipette, or differences in relative ages of 
the mites used in the experiments, might easily be reflected in the final 
mortality counts. In Fig. 5 the regression lines and their zones of error 
have been calculated, the latter having been plotted as broken lines from 
the data given. 

Effect of Dichloroethyl Ether on Cheese, -A loaf cheese was placed under 
a bell-jar with a petri dish containing dichloroethyl ether. On examining 
the cheese four weeks later the outside was found to have a strong odour of 
dichloroethyl ether, but the inside was free from taint. 
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One loaf cheese (unwaxed) and one 40 lb. medium cheese (waxed) were 
sprayed all over with dichloroethyl ether at the rate of 2*5 g. per square foot 
of surface area (=-. ()'5 lb. per 100 square feet). Cheeses were sampled after 
exposure to air for one w^eek. In each case the interior was free from taint. 
The rind of the loaf cheese had a distinct smell of dichloroethyl ether, but 
no smell could be detected on the exterior of the medium cheese. The 
odour on the exterior of the loaf cheese gradually became less })ronounced 
and could not be detected aftt‘r a further one or two weeks. 



Efitimation . — The estimation of dichloroethyl ether in air presented 
considerable difficulties, as the concentration used in fumigation was very 
low'. Dichloroethyl ether in air has been determined by Schrenk, Patty, 
and Yant(17) by aspirating a measure<l volume of air through two bubbling 
tubes containing saturated alcoholic potash. The contents of the tulies 
were then refluxed for one to two hours and chloride was determined by 
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Volhard titration. Trials of this method did not give satisfactorv decom- 
position of the dichloroethyl ether, hut reduction with sodium and alcohol 
according to the Stepanov method gave recoveries of close to KX) per cent, 
with weighed (juantities of dichloroethyl ether. The method adopted was 
as follows : a measured volume of air (I 1. to 4 1.) was aspirated slowly 
through two potash bulbs connected in series. Each bulb contained about 
7 ml. of alcohol. When the re(|uired volunu* of air had been passed (ten to 
thirty minutes), the bulbs were emptied and rinsed out with alcohol. Chloride 
in the alcohol solution from each bulb was determined se]mrately by Volhard 
titration following reduction with metallic sodium. Usually at least two- 
thirds to three-quarters of the chloride absorbed was found in the first bulb, 
indicating that the two bulbs together shouhi have given a fairly complete 
absorption. 

Applied Erperiments. —h will be realized that the laboratory experiments 
already described were conducted under exact conditions, and one cannot 
hope to achieve the same degree* of success in destruction of mites when 
applitnl in a jmictical way. Many difficulties arise in the practical appli- 
cation- e.//., temperature and humidity ranges are not controlled, there may 
be rlifticultv in rendering the room gastight, and there will be loss of dich- 
loroethyl (‘thi‘r by absor]>tion bv the cbffVrent substances within the room. 
Having in view’ many of the above difficulties, the followiuir practical 
experiments using different methods of approach were carried <»ut. 

In a small room of 1,030 cubic feet ca|)acity four heavily mite-mfested 
cheeses w'ere fumigated with 0‘fl97 lb. of dichloroethv! eth(T -this (|Uantlty 
wdien fully vajiorized would give a concentration of I-omg. 1. The dich- 
loroethyl ether was vaporized from blotting-papi‘r. wrapjK*d around a 
heated (l.^tt F.) metal surfa<*e over whuh a current of air was }»assed 
by means of a snudi fan. The temperature of tin* room was IS v. and the 
relativi* humiditv 6S per cent. The ex|»eriments continued for six hours, 
after which time the room was aire<i and .samj»les of mites were coll<*cted 
from different positions and mortality counts made At tin* comnn*ncemeiit 
tin* four cheeses were placed on flat hoanls on a table. One cln*es(‘ was 
W’edged up slightl\ so as to permit the fumigant to }H*rmeat(' tin* s}>ace 
b(*tw(*en tile bast* of the cheese aiui the board on which it rested : a sample 
of mites w’as also jdaced near tin* che<*ses in opt*n petn dishes Three 
eontrol samjiles were taken, two frtnn uuderueath the w*edged cln*est* and 
one from the top of another cheese. Tin* results are -^how'n in Table X\ . 


I XULK \V 


I’lisUioii t.’ikoii inmi 

Numlu'r 

Nun>n<‘i Ali\r 

From base of treated wtMigetl eheest* 

0 

LM) 

From base of treat<‘<l wetiged cheese 

1 

lU 

From top of treated wedgetl cheese 

1 

2a 

From top of treat4‘d wedged eheese 

1 •> 

IS 

From open petri dishes 

s 

la 

From open p<*tri dishes 

s 

M 

From control (nntreatett) 

t> 

2U 

From control (nntieated) 

1 

m 

From control (untreated) 

I 

ID 
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The results in Table XV indicate that the degree of control obtained was 
negligible where the mites were treated in their normal environment, but 
away from this environment, as in the open petri dishes, a noticeable 
mortality resulted. The experiment was repeated, but the quantity of 
dichloroethyl ether used was doubled, giving a dosage of 0*194 lb. per 
1,000 cubic feet of space or 3 mg./l. when fully vaporized. The room was 
not aired until twenty-four hours after the experiment commenced. The 
results are given in Table XVI. 


Table XVI 


Cell No. 

Position Mites taken from 

Number 

Dead. 

Number 

Alive. 

K 

From petri dish hours after experiment commenced 

28 

i) 

4 

From cavity in top of cheese . . 

2r» 

(1 

J 

Scraped from top of same cheese as 4 . . 

32 

0 

8 

From top of same cht‘e8e as 4, but less exposed . . 

2o 

1 

14 

From rind near base of cheese, but not underneath 

25 

0 

M , 

From base of cheese resting flat on board 

3 

m 

n 

From base of wedged cheese . . 

! 4n 


z 

From base of wedged cheese as cell 6, but more protected 
position 

fl 

13 

w 

Control 

0 

2(1 

c 

Control 

2 

18 


Table XVI shows that a dosage of 0*194 lb. of dichloroethyl ether per 
1,000 cubic feet of space — five to six times greater than the highest 
experimental concentrations used -is sufficient to kill all mites in an exposed 
position, but that penetration is poor, with the result that mit(‘S underneath 
a cheese, for exaraf)le, are hardly affected. 

Application of Dichloroethyl Ether as Vapour to a V ell -storage Room. 

A trial fumigation with dichloroethyl ether applied as vapour was made in 
a cool room used for storing veils which had become infested with mites 
(Glycyphagus domesticus de Geer). The veils, which were packed close 
together, were tied in bundles and then placed in four bushel sacks. The 
sacks were stacked on both sides of the veil-room, leaving a clear passage 
down its centre. This room, which was 14,(KK) cubic feet in cajiacity, was 
normally maintained at about 40° f. It had no openings except for two 
doors of the cold-room typo. A system of ducts connected with a housing 
outside the room containing a fan and cooling coils provided for air 
circulation and temperature control. The temperature was allowed to rise 
to approximately 50° f. before commencing the fumigation. The vaporizing 
apparatus (Fig. 6) consisted of a strong metal stand to which was riveted 
a small tank, which held approximately 6 gallons of liquid. Vaporization 
was assisted by three factors : application of heat, use of a large evaporation 
surface, and rapid removal of the vapour as it formed. Heat was obtained 
from two thermostatically controlled immersion heaters — the tenqierature 
was not allowed to rise above 170° f. — the evaporation surface consisted of 
fifteen copper plates each of which was covered with absorbent cloth, and 
the vapour formed was removed by means of an electrically driven fan. 
In operation the heated dichloroethyl ether was soaked up by the cloth 
on to the large evaporation surface, and the vapour, as it formed, was 
removed by means of the fan, which forced the air across the evaporation 
surfaces and out into the room. 
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The vaporizer was run for three hours, during which 6 lb. of dichloroethyl 
ether was evaporated. The large fan was run to assist in circulating the 
vapour. A considerable amount of leakage was noticed from the fan 
housing outside the room, and at the end of the run the concentration of 
vaj)Our in the room was still apparently <|uite low, as it caused no discomfort 
on entering the room. This assumption was confirmed by analyses of 
samples of air drawn from the fan duct, as shown in Table XVII 
following ~ 


Table XVTI 

MiJIigraniK i>ei Litre 


as D.C.K. 

Dosage delivered . . . . . . . . . . 0‘0 

Blank run before fumigation started .. .. .. 0-4 

End of vaporization .. .. .. .. .. 0-3 

One to one and a half hours after end of vaporization . . 0-9 

Four and a half hours after end of vaporization . . . . 0*2 

Eighteen hours after end of vaporization . . . , . . 0-4 


The blank run showed that there was a considerable amount of chloride 
present in the air before any dichloroethyl ether was vaporized. As the 
amount was probably not constant, the accuracy of the determination would 
be reduced accordingly. It is clear, however, that the vapour concentration 
produced throughout the room was very small. A large ])rf)portion of mites 
in .specimen tubes survived. 

A further fumigation was carried out on the following dav. The external 
fan was not run (‘xcept when taking .sample.s, so that leakage from its 
housing was largely eliminated. The vaporizer was run for six hours during 
which lb. of dichloroethyl ether was evaporated. The dosage was thus 
(Hj lb. per 1,()(K) cubic feet, or 9 mg. I. Analvses of air samples are given 
in Table XVIII following : - 


Table XVlIf 


Cmu-ontratiun (’oiM*eiUration 
found (me. 1.). t . rrd (iiig -l.). 


l^uKage ilelivtTed 

.. 1 9-0 


End nf vaporization 

.. i 3*5 1 

; 3.'i 

Seventeen hours later . . 

.. 1*S 

1*4 


According to these results, an effective concentration had been main- 
tained for a considerable period. A KX) per cent, kill of mites in sample 
tubes in various parts of the room was obtained. Most of the bags of veils 
were not obviou.sly infested with mites before fumigation. At a later dati^ 
one bag with living mites was found, indicating that })enetration had not 
been complete. 

This method has the advantage that it can be controlled from outside 
the room and is also a satisfactory means of treating a store filled ^dth 
cheese. It cannot be applied in a room the construction of which makes 
effective sealing impossible, as leakage losses may prevent an effective 
concentration being reached. The amount of liquid vaporized should be 
approximately 8 oz. for each 1,00() cubic feet of sjiace in the room, to allow 
for losses by leakage and absorption. Cheese on the shelves should pre- 
ferably be wedged uf) to allow vapour to penetrate underneath. After 
keeping the room closed for twenty-four hours, it can be opened and aired. 
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Chees€-cum\fj~room Trials , — Two methods were experimented with : in 
the first, dichloroethyl ether was applied directly to the shelving, while in 
the second it was aj)])lied to scale boards, which were later placed under the 
cheeses. 



Fig. 6a 


Piga. 6a and 6b.- Pront and aide vic^a of va]K>risinK-an]iaratua. A, rigid W(^ld(*d nu‘tal 

atand, 16 In. x 24 In. x 5 in. ; R, tank, 16 In. x 1» In. x 4 in., inaae from thin ahevt uiflal ; <\ IickkI, 
16 in. X 17 In. X 13 in., made from thin aheet iiietAl ; I), motor and fan ; K, Iti'atlng coll pluga ; P, 
baffle (placed 80 aa to Rive draught from fan downward tendency) ; 0, copper plates, In. x I2ln. x 12 In. 
<may l)e covered with cloth or any material which readily ahHorba dichloroethyl ether). 

(a) Treatment of Shelving : The first trial of this method was made in a 
small cheese-curing room at the Dairy Research Institute. This room was 
10 ft. square and 10 ft. high. Tem^ierature was automatically controlled at 
45° p. and relative humidity at approximately 85 per cent. An infestation 
of mites had been present for some two or three months. The cheeses were 


19461 


Muggeridgk and Dolby. — Control Measureh 27 

AGAINST Cheese-mites 

removed from the room and a total quantity of 1-2 lb. of dichloroethvl ether 
was applied to the shelves. The area of shelviiifj was 18() square feet so 
that the rate of application was (»-66 lb. jier 100 square feet. Apidication 
to mo.st of the shelves was made by siiraying, but a few were treated with 
a 10 per cent, emulsion of dichloroethvl ether in water. It was found 
howewr, that the volume for each shelf was .such that the liquid tended to 
run off on to the floor. Where undiluted dichloroethvl ether was spraved 
on at the .same rate (0-66 lb. per 100 s(]uare feet), the quantity was just 



Fui. Bit 


sufficierit to wet all the surface of the wo<k1. The ria.m was kept closed 
overnight, and was ojiened next morniiifr ju.st Iona enough to replace the 
mtested cheeses. The concentration of vapour in the air at this time was 
nigh and it was imjio.ssible to remain more than a few .seconds in the room 
It a gas-mask was not worn. After thrt>e davs the room was opened and aired 
and the, cheeses examined. It was fouml that all the mites hud been killed 
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The odour of dichloroethyl ether was noticeable in the room for some weeks, 
but was not objectionable. The room remained free from mites for eight 
months, when the introduction of mature cheeses from another store brought 
about a fresh infestation. 

A further trial was made in the curing-room of a commercial factory in 
which a heavy infestation of mites was present. The room measured 
30 ft. X 28 ft. X 12 ft., giving a cubic content of 10,080 cubic feet, and 
contained 1,020 square feet of shelving, sufficient for about five hundred 
cheeses. The room had plastered brick walls, concrete floor, and a wooden 
ceiling. The construction was such that the room could be closed up fairly 
completely to prevent escape of vapour. Dichloroethyl ether was applied 
to the shelves with a paint-brush, while old crates and other maU*rials in 
the room and portions of the floor were lightly sprayed. ApjJication by 
brush was found to require more licjuid per square foot than spraying, but 
was more convenient than a hand-op<'rated 8j)ray-8yringe. A gas-mask was 
worn throughout the operation.^. The total quantity of dichloroethyl ether 
used was 14 lb. The cheeses in the store were moved to allow apf)lication 
of the liquid to the shelves, and were replaced as soon as the treatment was 
finished. 

A determination of dichloroethyl ether in the air in the centre of the room 
about one hour and a half after the treatment was completed gave a 
concentration of 0*7 mg./l. Examination of the cheeses three days later 
showed that a ICK) per cent, kill of mites had been obtained. The cost of 
dichloroethyl ether used for this treatment was £1 Ifis. 

The results obtained indicated that this should be a convenient and 
effective method of treating a cheese-curing room, })rovid(»d that the treat- 
ment could be applied at a time when the store was only |)artly filled with 
cheese. The evaporation of li(juid from the shelves soon builds uj) a 
sufficiently high concentration of vapour in the air to fumigate the whole 

room, wliile traces of dichloroethyl ether remaining m the wood jireveiit 

reinfestation by mites on the shelves or under the cheeses for a considerable 
time. In order to allow an ample margin for losses of vapour by leakage 
or diffusion, the rate of application should be of the order of I lb. f>er 
1,000 cubic feet of room space. In an average curing-room this will 
correspond to about 1 lb. for shelving for one hundred export cheeses or 
1 gallon for shelving for one thousand two hundred cheeses. Where appli- 
cation is made by brushing, a rather larger quantity will be neede<l to cover 
all the surface of the shelving. The operator applying the liquid must, of 
course, wear a gas-mask. After the empty shelves have been treated, it is 
necessary to move the cheeses in the room on to the treated shelves so that 
the remaining shelves can be treated. Handling of cheeses can be kept 
to a minimum by arranging that cheeses need only be moved to an adjacent 
shelf on the same level. After the treatment, the room should be kept 
closed for a day or two, after which it may be ventilated. 

(6) Use of Treated Scale Boards : The following three methods were 
used for treating scale boards with dichloroethyl ether : -- 

(1) The edges of scale boards were dip]:)ed in a tray of dichloroethyl ether 
to a depth of approximately | in. and allowed to drain. Sixty 
scale boards were treated in this manner. Weights taken before 
and after dipping showed that 14 oz. of the liquid had been taken 
up. The boards were ])laced under the cheeses, and an exami- 
nation four days later showed that mites were all killed in the 
vicinity of the dichloroethyl ether, but in positions remote from 
it — that is, near the centre of the base of the cheese — live mites 
could still be found. Fourteen days later there was no change. 
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(2) The edges of the scale boards were dipped to a depth of approximately 

2 in, and allowed to drain — a hole was bored at the centre of 
these boards and then filled with 1 J oz. of dichloroethyl ether, 
Sixty scale boards were treated, with the result that 31 J oz, of 
dichloroethyl ether were taken up. The boards were placed 
under cheeses as in the previous exj)eriment. After four days an 
examination showed that all mites on the base of the cheese had 
been killed and also many had been killed at a slight distance 
away from the outside rim of the cheese. Fourteen days later 
there was no change. 

(3) The scale boards were first soaked in water, and then put through 

a WTinger to squeeze out excess moisture. The boards were then 
submerged in a dish of dichloroethyl ether and allow(‘d to drain. 
Sixty boards w'(*re treated in this fashion, wnth the result that 
12 oz. of dichloro(‘thyl ether were taken uj). The boards w^ere 
placed under the cheeses as before, and on examination four days 
later live mites \v(‘re still pre.sent. Fourteen days later all mito 
at the bases ()f the cheeses w’cre dead. 

If scale boards are comr)letely immersed in dichloroethyl ether, the 
amount absorl)ed is more than is required to give effective control of the 
mites, so that some method such as (2) or (3) can be used to limit the amount 
taken up while at the same time giving a fairly uniform distribution of 
<lichloroethyl ether over most of the surface of the scale board. The results 
secured from methods (2) and (3) suggest that use of treated scale boards 
would be of value in a store which is well filled with cheeses. If, m addition 
to placing scale boards under the cheeses, a treated M’ale board is laid on 
top t>f each cheese, an effective fumigation should Ix^ secured. 

Dichloroethyl ether applied as a vapour required special 
vaporizing-apparatus and a gaslight room. PfllPtratlOll by the vapour is 
poor, and in this respect it is much inferior to methyl bromide. Application 
to shelving is simple and effective, but requires tin* operator to work in a 
gas-mask. It is difficult to apply when the shelves are full of cheese, but 
in such circumstances the placing of a treated scale board beneath the 
cheese provides a practical alternative method. The scale-board method, 
however, wdll not give a complete kill on the upper part of the cheese, 
especially if the room be draughty, but this drawback may be overcome f>y 
placing a treated scale board on top of the chees<» as wdl as beneath it. 


GENERAL CONCLUSIONS 

It has been showm that dusts are not effective in preventing infestation 
of cheese by mites, and that the wax-coating of chee.se, though delaying 
miU* attack to some extent, does not provide a permanent protection. As 
far as prevention of damage by mites is concerned, there is ])robably some 
advantage in waxing cheeses which are to be stt>red for a long period, but 
the only really satisfactor\’ method is by periodic fumigation of the 
curing-room combined wdth measures to reduce the amount of reinfestation. 

Of the two fumigants with which successful results were obtained, methyl 
bromide does not appear to be very suitable for use in factory curing-rooms, 
mainly on account of cost, but it might have a useful application where it 
•can be used in a confined space such as a fumigation chamber — for 
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treating mature cheese coming into a store. Its remarkable penetrative 
power would be valuable in the fumigation of crated cheese. Dichloroethyl 
ether should provide a cheap and effective means of keeping factory curing- 
rooms free from mites, and if applied to the shelving or on scale boards as 
described should be sufficietitly lasting in its effect to make an annual 
treatment sufficient. 
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CONTROL OF MOISTURE CONTENT OF BUTTER 
DURING BUTTER MANUFACTURE 

By F. H. M(' 1 )owall, Dairy Research Institute (N.Z.), ])e[)artinent ol 
Scientific and Industrial Research, Palmerston North 

\ Hfctirfd for publication, ,VHk Xovi'inhtr, 191 j\ 

Summary 

The straight percentage metluKl of calculation of quantity of make-up 
waU*r to be adck^fl to partially worketl butter in a churn to bring the moisture 
content to approximately the legal limit is incorrect, because the first moisture 
test 18 liased on the unfinished l>uttc*r and the final test on the finished butter. 

'the corr«*ct calculation is most conveniently ma<le by the formula — 

desired moisture _ a<‘tunl moisture estimateil load of 
Quantity to be content content (%) butter in c hurn 

” KM) actual moisture content ^ ^ 

A chart calculated on this basis is presented. The* chart is not applicable for 
calculatitm of quantity of salt to lie added. 

The legal limit for moisture content of butter, both in New Zealand and 
(*reat Britain, is 16*0 per cent., and it is an advantage to the manufacturer 
from the economic point of view to bring up the moisture content as 
nearly as possilde to the limit. The despatch from the factory of butter 
with moisture content over 16 *f) per cent., on the other hand, involves the. 
factory in heavy ex|)enditure for freight, wra[)pings, containers, and labour, 
as the butter i.s returned from the grading-store at the factory's expense 
and must be reworked with fresh butter. In controlling the moisture 
content of butter, therefore, it is the duty of the biittermaker to raise the 
moisture content as nearly as jiossible to 16-0 ]>er cent, without oviTstepping 
the limit. On account of variation in moisture content in the samples 
tak<*n for analysis, both at the factory and at the grading-store, and of 
the slight ])ossible error in testing, it is not generally considered safe to 
aim at an average moisture content higher than }>i'r cent., although 

at some factories the average for the year exce(‘ds this value. 

The control is effected as follows : — 

After working the butter, the biittermaker obsiTves the How of chill- 
water from the granules through the churn-plugs until in his judgment 
there is just sufficient water left in the churn to give, when worked into 
the butter, a final moisture test above 15*0 per cent., but below 16*0. 
The churn-plugs are then shut, the salt is added on toj) of the granules, 
the churn is rotated a short time to give thorough mixing-in of the salt, 
and the butter is worked until the churn is dry. There should be no 
appreciable quantity of free water on a trier plug taken from the butter 
in the churn. A sample is then taken for the first moisture content. 
Based on the result of the test, a quantity of additional water is added to 
bring the moisture content up to the desired value, and the working is 
continued until the added water is worked into the butter and the butter 
has the correct body. 
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Conditions affecting Estimate of Amount of Water to be added 

(1) Estimation of Load of Butter in Churn , — Accurate assessment of the 
quantity of water to be added is possible only if the load of butter in the 
churn is accurately known. The method commonly recommended in text- 
books on buttermaking is to measure the volume of cream placed in the 
churn, and to estimate the fat content of the cream by the Babcock or 
Gerber method. It is then necessary' to calculate the expected yield of 
butter from the churn on an assumed chum overrun. Hunziker(l) assumes 
a churn overrun of 25 per cent. In the Manual for Dairy Manufacturing 
Courses of the Pennsylvania State College(2) a churn overrun of 23 per 
cent, is assumed. These overruns apply under United States conditions, 
where the regulations require only that the butter shall contain 80 p(‘r 
cent, of fat. Turner and GrahamfS) assume a churn overrun of 21*9 
per cent. Any assumed overrun will give consistent results only so long 
as the percentage loss of butterfat in the butt-ermilk is constant from 
churning to churning, and the final moisture and salt contents are uniform. 
Butterfat loss is influenced by temperature of churning, degree of dilution 
of cream, and by many other factors. Hence, even with an accurati* 
knowledge of the volume and fat test of the cream in the churn, there is 
a degree of uncertainty as to the expected yield of butter. 

In New Zealand factories weighing of the (Team as it is drawn from the 
3,()0()-gallon holding- vats to the churn is not possible, and the buttermaker 
is usually too busy with the churning to carry out fat tests on the cream. 
The common practice is to estwinte the load of finished butter in the churn 
in terms of 56 lb. boxes. 8ome buttermakers take particular can* to fill 
the churn always exactly to the same mark with cream or to measure the 
quantity drawn from the holding-vat by means of a (jalibratiTl nu^asu ring- rod 
on the assumption that the average fat content of cream at the factory 
remains constant. This procedure is of some assistance, l)ut may lead to 
serious mistakes if relied upon as the sole index. There may be appreciable 
variations in amount of froth on the cream in the churn or the holding-vat 
and variation in degree of dilution of the cream during processing, and 
also there is always some further dilution in some churnings from water 
used for rinsing out the holding-vats. The more usual method is to judge 
the churn load of finished l>utter from the volume of granules in the churn, 
with due allowance for any variations in granule size and in softness of 
the butter. A good buttermaker, after some experience with his churas, 
can judge the load fairly regularly to within two to three boxes in a load 
of eighty to ninety boxes. 

An error in the estimation of chum load is of more importance when 
the first moisture test is low than when the first moisture test is near to 
the limit. In the calculation of amount of water to be added a margin is 
usually allowed to cover the various errors — viz., estimation of load of 
butter, errors in sampling, and errors in moisture-testing. When the first 
moisture test is high this margin provides proportionately a larger safety 
reserve to cover error of estimation of churn load than if the first moisture 
test is lo^w — e.g,j if the first moisture test is 15*3 and the final result aimed 
at is 15*8, the safety margin of 0*2 is 40 per cent, of the desired increase 
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in nuiistiiiv content. If, on the other hand, the first moisture test is 13-(>, 

. P . P BX) 

the safety marjun of 0-2 Js only ^ - j- ~ 7 |»er c(‘nt. of the desired 

increase m moistun* content. A 7 per cent, error in the (‘stitnat(* of churn 
load (seven box(*s in J(M) or three boxes in 40) would then be the maximum 
error jMTmissibie even if no other po.ssible error were to operate in the 
same direction. Witli tlie churnmj^ f'ivin^ a hij>;h first moi.sture test, on 
the other hand, considerably more latitude in the de</re(‘ of accuracy of 
estimation of churn load is ])ermis.sible. For this reason it is the ])ractice 
of .some buttermakers to add the water in two stages when tlie first 
moisture t(‘st is low. This is possible only wdien the butter will stand the 
extra working without b(*cominff too sticky. 

The first moisture te.st is affected primarily by the decree of draining 
of th(* granules allowed before the churn-])lugs are closed. The butter- 
maker judges the time to clo.se the churn-plugs on the appearance of the 
stream of water flowing from the chute, and u.ses tin* jirevious day s results 
to guide him. The draining of the granules is affected however by -- 

(r/) Size (if (irain : l^arge granules drain more conijiletely than small 
granules : 

(h) Temperature of Hatter: Soft granules retain moisture more readily 
than hard granules. 

(c) Fat Content of Cream at Churning : With a (diurning containing 
much added wat(*r more water will be retained in the granules. 

((/) Sjjslem and Intensitl/ of Cream Treatment : (iranules from vacreated 
cream tend to retain more moisture than granule.s from fia.sh- 
jia.steurized cream. 

(2) Aecaraeg of Sampling. -~\\ is a jirime nece.ssity for accurate moi.sture 
control that the churn should give a uniform moisture ctmtent throughout 
the luitter. Wiien uniformity is not obtained the .^am])le should be taken 
from the butter in the churn at the place where butter with th(‘ highest 
moisture content is usually found. It is an offence to deliver u/o/ portion 
of a churning of butter with moi.sture content over the legal limit, and 
the .safety margin allowed by th(‘ buttermaker must co\er the po.ssibility 
of error in .sampling. The modern internal-worker churn gives a fairly 
uniform moistun' distribution, but it mu.st be set ]H‘rfectly hnel so that the 
water iloes not a(*<‘Uimilat(* at one end during the working. 


CaL('UL.\T10N of .A.MOUNT of MaKE-UI* MaIER to liF \1>I>E1) 


The calculation of amount of make-uj) uater to be added ha> u.siially 
b(‘en made by the straight percentage method, as in the following 
exam])le : — 


First moisture content 

Desired moisture content 

Ksti mated loud of finished butter in clnirii 


Water to be ad<led 


ir> |MT cent. 
I.-) S per cent. 
SO bn\e‘‘. 
4.4SO lb. 
l.‘) S - 

IimT 


4,4S0 


ON 

100 


4,4S0 -- 8:» Slb. 


2 — Science. 
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Various charts drawn up on this basis of calculation have been [)repHre(l 
and are in use in butter- factories. The basis of cah* illation, liowevor, is 
in error. The first moisture test is taken on the unfiriished butter and the 
second on the finished butter. Before the straight-jiercenta^e method 
could be used it would be necessary to correct the first moisture test to 
the basis of finished butter. It is simpler to calculate the amount of water 
to be added by the folio win jr formula : — 

Desired moisture test -- first moisture test , , , 

X — r t-Tj--. — TT iiv — . — r — T'~ T~ i ~ ^ load of blitter in churn 

Water-free solids in JOO parts of unfinished butter* 

using the figures in tin* above example— 

First moisture test ~ lo-O 

W^ater-free solids ill 1 (Ml parts of uiifiiiished butter - lOO-O - lo-O Ho-0 
Desired moisture content — 15*8 

lo H -- ir>*0 . 

Weight of water to be added — SrW) 

A 4,4S0 42 1 ll). 

or 6*3 lb. more than the (quantity calculated by the straiglit-|)eirentai»t‘ 
method. 

Various methods of making allowance for the error of the charts liascil 
on the straight -])ercontage system of calculation have been used in }>racti<‘t‘. 
Many buttermakers have aimed at a final moisture content of lfi*0 p(‘r 
(‘ent., but obtained an average of only 15*8 per cent. Others have addiMl 
the quantity indicated by the chart plus one-sixth or one-s(‘veuth this 
quantity. The latter method gives a very closi* apjiroximation to th(‘ correct 
quantity required. (With the.se allowances indicat'd by expiu-iencc a very 
satisfactory degree of moisture contiuit has be(*n obtained in practice, as 

shown by the average moisture content of the butter reaching the Aiickliwid 

stores — viz., 15‘fi7.) 


Derivation of Formula 

The formula may be derived as follows : l(*t W — weight of water to 
be added to 100 jiarts of unfinished butter of 15*0 per cent, moisture 
content to give a finished butter of 15-8 per cent, moisture content. 


'I’he final percentage moisture content - 

I,o(M» + KM) W' 
KM)W' » Io*8 W - 
84-2 W^ 

W^ - 

Weight of finished hutt-er from 
100 parts of unfinishcHl butter 


IT) r \V 
KmT 4 - W 


100 


1,580 -f 15 -8 W' 
1,580 ~ |,5(K) 

80 

80 


15*8 


84-2 

IW vv - iw + 

84 *2 


Hence water to be added (W') expressetl _ W’ 

as fraction of the finished Initter “ " wTi 

100 f 

842 


84*2 


100 + 


84-2 


80 HO 0-8 

8.420 + 80 8,500 85 


Butter Moisture Control Chart 
A chart calculated on the correct basi» is given in Table I. 



Table I. — Weight of Water (Potnus) to be addeo to BrrrER in \ CiirRs for Different Desired Increases in Moistvre 
Content of the Unfinished Butter, on the Basis of a Desired Moisture Content ok lo SO in the Finished Butter 
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Additions for churnings containing ten or more than ten boxes of butter 
can be deduced by direct reading or by addition of two quantities. 
Additions for less than ten boxes can be deduced from the corresponding 
value of the multiple of the number by dividing by ten. 

The chart is calculated, as stated above, on the basis of a desired 
average moisture content of 15*80 and, as the result of the operation of 
other ix>8sible sources of error, the final moisture content of individual 
churnings may vary from 15*60-16*00. If the range of variation of 
moisture content is found to be lower, the buttermaker may decide to aim 
at a higher average than 15*80. The figure for “ desired increase in 
moisture content will then be altered and the chart will still indicate the 
quantity of water to be added. 

Possible Errors ift the Use of the Chart 

As stated earlier, even with an accurate basis of computation, the 
accuracy of the moisture control is dependent on the accuracy of the 
estimate of load of butter in the churn. Apart from this source of error, 
there are some further factors which must be taken into account : — 

(1) If the churn is not as dry at the first moisture test as it will be at 
the second moisture test, allowance must be made for the extra moisture 
that will be taken up by the butter from the churn. When there is a 
tendency to the production of sticky butter, complete drying uj) of the 
churn for the first moisture test may bring the working to such a stage 
that the butter will have to be overworked to incorporate the added 
moisture. The buttermaker, for the first moisture test, must then stop 
.the working before the churn is completely dry and use his judgment as 
to what allowances should be made for moisture retained in the churn. 
In this respect different allowances muwst be made according to the 
individuality of the churn. An old churn in which the wood is spongy 
w^ill retain more moisture than a nevr churn. 

(2) If working cannot be continued until the churn is dry befon* the 
sample for the first moisture test is taken, care is necessary that the** 
sample used for analysis does not contiiin a droplet of free moisture, and 
some allowance must be made for possible sampling error. 

Mechanical Loss of Water during Working 

Aft/cr addition of make-up water the churn-door should be htted and 
tightly closed before commencement of working, in order to avoid spillages, 
which can upset all calculations of amount of water to be added. 

Influence of Cleanness of Churn on Moisture Control 

It is generally accepted that the accuracy of moisture control is greater 
if the churn can be worked dry before the sample is taken for the first 
moisture test. Butter sticks to greasy wood much more readily than to 
clean wood. Hence the cleanliness of the chum has an im[)ortant 
relationship to the accuracy of moisture control. A preliminary rinse with 
warm water to remove the main portion of the residual butter, before the 
main wash with alkali solution, is an important part of the cleansing 
routine. A churn will tend to become greasy, causing butter to stick, at 
the centre of the back end, where washing solutions do not so readily make 
contact, and on the rollers and the surface of the barrel near the drain- 
plugs, where the melted fat tends to settle on to the wood during draining 
of the first rinse water. If trouble is experienced with stickiness at these 
places in the churn, a rinse with warm water after drainage of the first 
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wash water may be of .some assi, stance in removing adhering fat. The 
smaller the amount of butterfat left to be emulsified by the alkaline wash 
solution, the cleaner will be the churn after final wa.shing with clean hot 
water. 

Chart for Halting of Butter 

(Calculation of amount of salt to be added to butter in a churn is based 
only on the estimate of the load of finished butter in the churn. The 
straight-percentage method is therefore valid, and the moi.stu re-control 
charts which have been in use give a correct indication of the amount of 
salt to be added. The chart jrresented in this paper is not applicable for 
salt addition, 
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THE EFFECTIVENESS OF SMALL APPLICATIONS 
OF COBALT SULPHATE FOR THE CONTROL 
OF COBALT DEFICIENCY IN THE SHERRY 
VALLEY, NELSON 

By H. (). Askew, Cawthroii Institute, Nelson, New Zealand. 

\]{eccived for imhUrotion^ 21st March, 1940] 

Summary 

Wethers have been earned satisfactorily for two seasons on a eobalt- 
deficieiit Sherry River pasture after top-dressing with cobalt equivalent of 4 oz. 
aiul 8 oz. hydrated cobalt sulphate per acre. The hea vier dressing gave the better 
result both in respect of live-weight inereasw* of the animals and of yield of wool. 

A summary of results of animal trials over the last ten years on cohalt- 
deficient areas in the Nelson District is given. 


Introduction 

It has been previously reported(I) that at Sherry River, Nelson, two 
ajiplications of cobalt sulphate at the rat^ of 2 oz. C0HO4.7H2O (equivalent) 
per acre gave better results than one apjdicatiou at the rate of 4 oz. per acre 
when sheep were confined on a cobalt-deficient area for two seasons. In 
continuation of that work the effect of single applications of cobalt suljihate 
at 4 oz. and 8 oz. per acre in controlling cobalt -deficiency syniptonus in wether 
hoggets over two seasons has been examined. 
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Experimental ^ 

The area used for the trials has carried sheep for various experiments 
for three seasons previous to starting the present one. Four blocks each 
2 acres in area were availal)le. One of these has received no cobalt applica- 
tions since experimental work was begun in this district. Those areas to 
receive cobalt applications were top-dressed, using sii}>er})hosphate as 
carrier for the cobalt, on 4th September, 1943, at the rates of 4 oz. and 
8 oz. C08O4.7H2O (equivalent). All plots received suj)er phosphate at the 
rate of 1 cwt. per acre in that season. In the 1944 -45 season all plots 
received su]>erphosphate at the rate of cwt. per acre on 7th Beptember, 
1944. No further cobalt dressings were given. The fourth ])lot had been 
top-dressed on 27th August, 1940, with an experimental cobaltized su{)er- 
phosphate sufiicient to fuovide 16 o/. cobalt sulphate t*quival(*nt per acn*. 
No further cobalt dressings had been applied to this area, although in 
subsequent seasons it regularly received applications of superphosphate. 

The history of the various plots since animal trials began on them is as 
follows : — 

Control plot : No cobalt at any period. Kaka grouml limestone, 
1941-42 season, at 2 tons per acre. 

4 oz. cobalt sulphate [)er acre phd - 

Kaka ground limestone, 1940 41 season, at 2 tons per acn*. 

2 oz, cobalt sulphate equivalent per acre in 1911 42 and 1912 43 
seasons. 

4 oz. cobalt sulphate equivalent p<»r acre in 1943- 44 season, but 
none in 1944- 45 season. 

8 oz. cobalt sul})hate per acre plot— 

Southland limestone, 2 tons per acre, in 1910 41 season. 

4 oz. cobalt sulphate equivalent ])er acre in 1941-42 season, but 
none in 1942-^43. 

8 oz. cobalt sulphate equivalent per acn‘ in 1943 44 season, but 
none in 1944-45. 

Cobaltized sufierjihosphate plot : 16 oz. cobalt sulphate equivalent 

in 1940-41 sea.son, but no further cobalt ajiplications. No ground 
limestone has been applied to this ])lot. 

Komney cross whether hoggc^ts were sent to the experimental area on 
24th November, 1943, and were w^eighed, tagged, and divided into groups 
of five sheep of uniform average weight on 25th November. Animals 
unusually light or extra heavy were omitted from the groups, hut were 
kept at Sherry River on a non-cobalt-treated area for rejdacement of animals 
which might die during the pcTiod of the trial. The weights of such sheep 
used as replacements have not been included in the average live-w^eights 
recorded in Table I and Fig. 1. By keeping up the number of sheep to five 
per 2-acre plot, better control of the pasture growth was possible. As far 
as weather conditions allowed, the sheep were weighed fortnightly and the 
usual farm attention was given to them. 

As shown in Table I, where average live-weights of animals on the several 
areas are given for selected dates, and in Fig. 1, where a continuous record 
of average wdghts is set out, the sheep on all plots at first gained in weight 
at a satisfactory rate, with no important differences between treatments. 



(^CoboH) 



TIME IN DAYS 
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After a check to growth towarcls the eud of January, 194 1, after a})oiit 00 
(lays on the field, steady increases in growth again followed, with the control 
group showing to some advantage. For a long period, about 142 days to 
352 days from the beginning of the trial, the animals on the control area 
remained very constant in weight at an average of about. 90 lb. In the 
earlier part of this period tlie animals on the cobalt-treated areas w(Te some- 
what below the control group in weight, but nevertheless thos(' r(H‘ei\iog 
cobalt from the 8 oz, cobalt sulphate and cobaltized superphos})hate api)lica- 
tions were judged to have a more finished appearance with brighter and 
cleaner wool. Towards the end of this period the sheep on the cobalt-treated 
areas drew rapidly ahead in weight, the amount of the increase being in the 
order of increasing amount of cobalt in the fertilizer application. After 
the end of October, 1944 (about 340 days from commencement of the trial), 
the sheep on the control (no-cobalt) area began to lose weight rapidly, three 
of the animals becoming very poor in condition. One of them died during 
December from cobalt deficiency bush-sickness ’’). This fall in weight 
in early summer is characteristic of the disease. One sheep was lost from 
the 8 oz. cobalt sulphate area from an unknown cause, certainly not cobalt 
deficiency. These losse.s are shown by the arrows in the curves in Fig. 1. 

Table I.— Average Live-weight in Vovnds of Sheep on Treated and rMRKATED 

Plots 





(Vmtnd 

4oj5 robHit 

K oz (Vdmlt 

CobultiZlHl 

Date. 


l)«vs. 

(n(» ('(ibalt). 1 

SiiJphate 

Sulphate 

S>iper])boHphivte 




(lb b j 

per Aere (lb ). 

per .\ere (U>.). 

j (»*) 

26/11/43 


0 

54-0 1 

54 -2 

54 *0 

54-0 

2/1/44 


37 

aid : 

t)4« 

62-0 

i 63*3 

14/2/44 


80 

68-8 1 

68 • () 

68*6 

79*2 

16/4/44 


142 

88-0 : 

84-6 

83*6 

8l*(i 

16/7/44 


233 

90-0 i 

8.5*2 

88*6 

! 88 2 

30/9/44 


:io9 

in 14 ; 

1M)*2 

94*2 

1 9S*(V 

12/11/44 


352 

i 90-0 ; 

94*0 

101*4 

113 4 

10/12/44 


380 

I HO-6 ' 

96*0 

103*9 

122-6 

31/12/44* 


401 

i 78. 7t 1 

93*6 

: 110*2t 

llS-4 

11/2/45 


443 

! 70-7 ! 

97*0 

110*0 

i:9-8 

18/3/45 

i 

1 478 

; 89* 3t 1 

105*2 

1 116*5 

j 1:6-4 

22/4/45 


1 512 

: 91 ‘7 ; 

lll'O 1 

i 121*2 

i:j9*k 

3/6/45 


1 554 

91-0 ' 

111*4 

122*9 

i 1.32*8 

24/7/45 


1 605 

1 76-3 i 

103*6 

1 116.9 

i 125*6 

29/8/4.5 


1 641 

65 • 3 i 

97*2 i 

i 104-7 

i 119*4 

29/9/45 


672 

(>8-0 1 

103*4 

1 112*2 

1 127*6 


♦After Hheurinjj. t Sheep dend or Kinee pre^ weiKhuiv:. 

Another shec}) died early in March, J944, on the control ar<*a. No other 
losses occurred on any of the other treatments after this date. As shown 
by the weight data, during the summer and autumn of 1945 all groups 
reached their maximum weights. Thus on 3rd June, 1945 (early winter), 
554 days after being placed on the ex|>eriinental areas, the average weights 
W(?re as follows: control (no cobalt), 91*0 lb. ; 4oz. cobalt sulphate per 
acre, lll’41b. ; 8 oz. cobalt sulphate per acre, 122»01b. ; cobaltized super- 
phosphate, 132*8 lb. These figures show the great superiority of the animals 
receiving the cobalt supplement ; most of these animals were in fat condition. 



1946] 


Askew. —Effectiveness of Cobalt Sulphate 
FOR Control of Colbalt Defictenuy 


41 


During? the, winter period decreases in weij^ht occurred on all ])lots, niininium 
W(dght8 being recorded at the end c)f August, 1945 (641 dav^s). Some increase 
occurred in early spriiifj at Ihe final record on 29th Sept(*inber (672 days). 
Owing to continuous wet weather it w^as not practicable to weigh the she(‘p 
before shearing in November. At the end of the trial the sheej) Avere placed 
in the following order of decreasing health and a])})(*arance : S oz. cobalt 
sulphate and co})altized superphosphate equal, follow'cd by the 4 oz. cobalt 
sulphate and the control group. In the first tw'o groups the sheej) had a 
good grow^th of w’ool and w’ere m fat condition. In the 1 oz. cobalt sulphate 
grouj) th<‘ wool did not a})j>(*ar to be so clean and bright, but the sh(‘ej) were 
all fat. The control sheej) were in a very poor state. It is (*vident, th(‘re- 
fore, that under the conditions of this trial single aj)j)lications of both 4 oz. 
and H oz. of cobalt siiljihate j)er acre gave very satisfactory results w ith 
the sheej) over tWH) seasons, the 8 oz. showing to advantage*. It is remarkable 
that the 16 oz. a|)j)lication of August, 1940, should have continued to give 
such good results over five seasons, but, as wdll now' lx* < lemon st rated, this 
ean be correlated wdth the relatively high e*obalt content of the* jeastiire 
from this area. 

During the jirogress of the t»ud pasture sam|)les w(*r<‘ taken and anal\>ed 
for their cobalt content. 'J'hc iOSidis obtained are given in Table* II, when* 
tla* cobalt contents are i‘Xj)resM*d m jiarts jier million (p.j>.m.) of cobalt ((V») 
(►n the dry-matter basis. 


'I'viw F il. -UoTUl.'l (’oNTKS'l Ol P \sTl’Kh S lUttl It VM) 1 9 tt— t.") Sc 


1 )at of 
Samphii!.' 

( out ml 
(i\*> < < limit ) 

O' P HI ) 

4 <•/ < ’<»)ialf 
■'iiljiliaO' 

\« ro 

O' I* III ) 

" 11/ ( wSilIt 

ptT \i I' 

( \> P IM ) 

( 'limit I/ml 
plio'piiati* 

' p p III • 

21 16 4;i 

6 6:i 

6-22 

0 19 

0-14 

11 4:t 

6'0r» 

0 07 

0 16 

»»11 

IS t 44 

0 0.7 

o-os 

0 n 

017 

2 44 

6 04 

o-os 

0 OS 

0-16 

26 4 44 

OOKl 1 

0 07 

0 o> 

0 19 

17 II t4 

o-o:t 

0-06 

0 12 

0- 12 

S 12 44 

oo:{ 

0 06 

0 0)S 

0 09 

2.'> 1 4.-) 

<io.”> 

on 

n 09 

0 is 

2 4.7 

6*6:t 

0 0)6 

0 06 

012 

27 :i 4.') 

6-67 

o 09 

0 12 

0 u 


The above data show* that the j)a.sture of the control an‘a was consi^- 
t(‘utly low' in cobalt, while the jiastures on tin* eobalt-tn'atiMl areas (ontained 
aj)j)r(*ciably mon* cobalt, thus correlating [)ositively with the luster health 
of the stock grazeil on t.h<*ni. 

During the ex|)eriment the sheej) were shorn twice, in December, 1944, 
and on 14th November, 1945. The average weights in j)ounds of raw* wool 
from ihe various treatments were as follows: 


SeaHoii. 

. Control 

: (16.). 

j 4 oz. I'olmlt 

1 Siilphatf' ' 

; jier Ai re 

Soz. Culmit ! 
Snlphale 
per Acre 

limit ize^i 
siiperplioviihate 

1 01') 

i 



! (16.) ■ 

(III 1. 


i 7-3 

1 7-r. j 

7-7 


Second 

! 7-0 

1 7-11 ' 

8*7 1 

1 9-7 
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In the first seavson the cobaltized superphosphate treatment is outstandiu" 
in the amount of wool produced ; on the other cobalt-treated areas the 
increases in yield over the control are almost certainly not significant. This 
result is not surprising, because the sheep were on the ex])erimental fields 
for such a short time before they were shorn. Supplementing the cobalt 
content of the pasture with cobalt sulphate has produced appreciable increases 
in yield of wool in the second season. These increases in yield are ])arallel 
with the increases in liv(‘-weight of the sheep on the respective areas. 

It may be noted in ])assiug that the deficiency of cobalt at Sherry River 
a})pears to be a simple one not complicated by an accom})anying deficiem y 
of copper. Thus in samples of pasture taken from the various plots on 

bth November, 1945, the copper contents ranged from 9*1 to 11*8 parts per 
million of Cu on the dry basis. These values suggest that the cof)per content 
of the Sherry River })asture was ample for health of sheep. 


Discussion 

This pa])er reports the last of a series of investigations on the effect of 
cobalt supplements on tln‘ health of sheep carried out by the Cawthron 
Institute on cobalt-deficient areas. Because it is not proposed at present 
to continue these investigations further, it will be convenient to sumniarizi* 
the investigations, particularly to show how ideas in regard to the (piantity 
of cobalt compounds required to remedy the deficiency have varied since 
bush-sickness ” was r(K‘ogniz(‘d in 1935 as a disease due to a deficiency 
of cobalt in the ])asture grazed by animals. 

The first experiments, set up in February, 1936, to sup]>ly cobalt to 
pasture plants were carried out under pot-trial conditions, using hydrated 
cobalt chloride* at the rate of 2(K)lb. per acre(2). This dressing gave, with 
crested dogstail, a maximum cobalt content of 122}).p.m. These were 
followed by field trials in August, 1936, at the Marsden Research Farm 
using the same cobalt salt at 112 lb., 20 lb., and 10 lb. per acre. The higher 
rates caused some damage to the pasture, but the 101b. application was 
quite satisfactory. It was noted in this trial that white clover absorbed 
more cobalt than did the grasseS“for example, for a mixed ])asture sam|>Ie 
showing 25*2 p.p.m. on the dry ba.sis, the grasses showed 19-1 p.p.m. and the 
clovers 36-3 p.p.m. when separated out from the sample. No stock were 
grazed on these small replicated areas. Towards the end of 1936, 2 lb. of 
hydrated cobalt cliloride per acre was applied to a bush-sick pastun* at 
(xlenhope, using 2 cwt. per acre of superphosphate as a distributing agent(3). 
This quantity was sufficient to maintain the cobalt content of the pasture 
at 0-13 p.]).m. Co on the dry basis as late as five months after application, 
the cobalt content of the control untreated pasture (receiving phosphate 
only) being approximately (H)6 p.p.m. “ Bush-sick ” sheep put on to this 
cobalt-dressed pasture rapidly improved in health and eventually became 
fat. In a report(4) of further work with cobalt compounds for top-dressing 
cobalt-deficient pastures, mention is made of the satisfactory results obtained 
from the use of 4 oz. of cobalt chloride at the Marsden Research Farm (which 
is not a cobalt-deficient area). It was suggested that if the top-dressing 
with cobalt salts were done in the spring, sufficient cobalt might be made 
available in the pasture to maintain sheep in health on a cobalt-deficient 
area, and stated “ that the 2 lb. applications used in the experiment ’’ [at 
Gleiihope] “ was unnecessarily large and probably could be reduced with 
safety.” 
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By 1939 it was ])ossible to rec()ninieiid(5), on the basis of results in the 
North Island, although these had not been checked by animal trials in the 
South Island, that 5 oz. of hydrated cobalt sulphate (which is equivalent 
in cobalt to 4 oz. hydrated cobalt chloride) should be a satisfactory per- 
acre application if given annually. A large amount of unpublished anal\i:ical 
material has since shown that on the very deficient area at Sherry River 
4 oz. of hydrated cobalt sulphate* per acr(^ produced apjireciable increases 
in cobalt content of the pasture over a useful ])ortion of the S(‘ason. Following 
this up with animal trials using wether hoggets, it was shown that over a 
two-year period two annual apfilicatioiis of 2 oz. cobalt sulphate jiroduced 
better results than one application at a I oz. rate at the beginning of the 

period(l). It is of importance that even as little as 2 oz. per acre gave such 
good results on the severely deficient area at Sherry River. In the present 
paper it has been shown that heavier applications of cobalt sul])hate (8 oz. 
per acre) give better n\sults than 4 oz. ])er acre over a two-year period. 
Th(‘ extra value in weight of meat and of wool on the sheej) r(‘ceivmg the 
8 oz. apjilication is much greater than the cost of the additional 4 oz. cobalt 
sulphate a])j)lied in the fertilizer. 

The position at pres(‘nt, therefore, is that under the conditions of seven* 
cobalt deficiency m the Sherrv River district annual dressings of cobaltized 
fertilizer to provide as little as 2 oz. hydrated cobalt sulphati* equivalent 
per acre will give satisfactors stock health with wether hoggets. Laruer 
a|)plications at 4 oz. and 8 oz. over two seasons have likewise ]>roved .satis- 
factory for hoggets. The larger rate gave the better result. It is to be 
expecteil that the be.st n'turns would be obtained by increasing the annual 
applications to at least 4 oz. <*obalt .sulphate jier acre, or to 8 oz. per acn* 
if tin* dressing is required to lie efiective over two .s(>asons. The increased 
yields of carcass ami wool would more than pay for the (‘ost of thf* cobalt 
in the hea\ier rates of apjilicatioii. 

A( K NowLKiM exts 

Mr. M. C. II allies and his sons attended carefully to the weighing of the 
shecj) and w'ere responsible for the shearing and oth(‘r farm attention to the 
animals. Thanks are due also to Miss J. Watson for analy.sing the pa.stuie 
.sanipl(»s and to Mr. A. Schwa.ss for general a.ssi.stance m the field and 
laboratory work. 
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LINEN-FLAX-FIBRE QUALITY IN RELA.TION TO 

SOIL TYPES 

By J. D. Raeside, Pedologist, Soil Survey Division, and R. Mason, Assistant 
Botanist, Botany Division, Plant Research Bureau 
[Re.cHved for puhlication^ 2Ul Febnianj, 794(i] 

Summary 

An attempt is made to find a method of correlating the quality of lint‘n- 
flax fibre with the soils on which it is grown. A method by which the <h*gri*c 
of development of certain deleterious fibre characteristics is assessed quickly 
in hand-cut sections is outlined, and an attempt to apply this system of 
appraisal to the crops from the Geraldine linen flax district in the season of 
11)43-44 is described. 

Correlation of fibre characteristics with soil types sIkjwk that each soil 
type tends to produce fibre of more or less the same quality provided the field 
influences are the same. Often field influences, such as climate, datt* of sowing, 
and nature of the seed-bed appear Ui be the most important, "fhere was too 
little variation in the previous agricultural history of paddocks to throw nuu’h 
light on this influence. 

On the whole, drought seems to lie the principal enemy of good-quality 
fibre. Any field influence tending to reduce tlu‘ amount of moisture in the 
soil (prolonged hot, dry ueather, over drainage, ilroughty soils, or late sowing 
which brings the latter part of the growing season into the dry ♦lannary- 
February period) tends to produce poor fibre. Any influence which makes for 
uneven distribution of moisture (poor cultivation, leaving large clods of turf 
with air gaps between, and stony soils) also tends to produce poor an<l uiieveu 
flax. 

The fibre index number deriv'ed from microscopical examination of the 
stem sections was also correlated with fibre yields and it was found that a. 
good eorniation could be obtained by combining the index number with th(‘ 
stem length. There appeared to be a linear relationship between this 
composite index and percentage > leld of line fibre. 


PURPOSE OF INVESTIGATION 

In an attempt to establish a relationship betAveen soil ty}>e on the one hand 
and fibre quality and yield on the other, a fibre analysis was made of the 
crops grown in the Geraldine linen-flax district during the 1943 season. 
This district includes the widest- range of soil types in South Canterhury, 
and at the same time is reasonably accessible to the Washdyke Experimental 
Factory, where the investigations were carried out. 

Microscopic examination of linen-flax sections has hitherto been confined 
mainly to plant selection, and to the relationship between flax and ])lant 
nutrients, and the ex[)eriments have been for the most ])art carried out on 
the same soil type. 

CLIMATE OF GERALDINE DISTRICT 

The crops in the Geraldine district were sown on the downlands and 
plains within a radius of approximately ten miles from the factory, which 
is situated about one mile south of the township of Geraldine. 

The climate of the Geraldine flax-growdng district is typical of the coastal 
downlands and plains of Canterbury. Rainfalls are low near the coast, and 
rise very sharply towards the mountains. Average yearly precipitation is 
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less than 25 in. in the* south-east near Temuka, and 4S in. at Orari Gor^t*. 
Meteorologhial information alxnit the district is scanty. Official records 
are kept at three stations only and are limited to rainfall {Table I). 

Tarlk 1 


Shiti(»ii. 


Avt'raiJi' Annual 
Hjunfiill inlmhen 


Oran (ior^o 
(Jerald me 
Kakuhii 


47* S 
27- S 


The prevailinji summer wind is th«* north-easterly, which is forc(*d steeply 
upwards by the e*ast(*rn ranjics of the Southern Aljis. Consequently, a 
canopy of cloud stndchinji eastwarels from the ranges for a distance of 
from five to t(‘n miles is a common summer phenom(*non. A good deal of 
light rain is associat(‘d with this cloud canopy in the zone immediately adjacent 
to the ranges : beyond this lies a zone wdiich rec(*ives less sunshine than 
the coastal belt, and in which evaporation is much impeded. The climate 
of this latter zone seems especially favourable for tin* growing of linen flax 
in a normal season. The sjiring of 1943 was wetter than normal and crojis 
were sown late. 

PART I.-~EVALUATION OF FLAX FIBRE FROM GERALDINE 

DISTRICT 

Before the linen flax was sown the fields proposed by tin* growers for 
sowing were examin(*d by one of the writers in company with Mr. \V. C. L. 
Leitch, Fields Instructor of the Dejiartment of Agriculture, Timaru. and 
the soil types identified. Records were kept of the condition of the seed- 
bed throughout tin* growing sea.son, and of incidence of ilisease and any 
oth(*r (‘ircumstances likely to affect the crojis. In January and February, 
just before the crofis, which were all of the Liral Crown variety, were pulled, 
samples wt‘re taken from each and forwarded direct to the ex]x*rinn'ntal 
factory. 

A. METHOD OF SAMPLING 

Two methods of saTn])1ing were considered : — 

(1) To use vstenis collected at random throughout the whole cro]) during 

the course of routiin* ap}>raisal by officers of the Department of 
Agriculture : 

(2) To collect a fixed length of drill from an arbitrarily selected fiart 

of the field. This sample was taken as typical of the greater 
})art of iht* field. 

Dr. Cunningham, Director of the Plant Diseases Division of the Plant 
Research Bureau, who very kindly undertook to collect samples, recom- 
mended and finally ado}>ted the second method. 

The field procedure was as follows : — 

Three adjacent rows, each 15ft. in length, were ]>ulh*d from the insidi* 
of the drill width. The outside rows of each drill width were therefore 
discarded. The sheaves were retted, scutcJied on tin* Van Hauwaert scutcher, 
and the fibre perccmtage obtained. Three samples, com])osed of sti*ms 
collected at random over the whole field, were also taken ; om* from crop 1 22* 

♦ Crop numbers are given in Table XV. 
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taken by officers of the Department of Agriculture and one each from 
crops 116 and 129 taken by the writer. 

Before retting, fifty stems were chosen from each sheaf, by taking nine 
or ten groups of any five or six stems. 

A piece of stem about 2 in. long was cut from immediately below the 
point midway between the first branch of the inflorescence and the stem 
at ground-level. The lower end was cut obliquely for identification. 
Sections from the midway point are those most usually chosen by overseas 
workers and are apparently the most satisfactory. 

B. PREPARATION OF SECTIONS 

The stems w(*re fixed in form-acetic-alcohol : 70 per cent, ethyl alcohol, 
90 ml. : glacial acetic acid, 5 ml. ; formalin, 5 ml. 

The stems were cut unimbedded, using the small brass section-cutter 
developed at Lambeg and described in L.T.R.A. publications Nos. 2 and 5. 
It consists of a body-piece, with a detachable screw head. Through the 
body-piece and screw head is a cylindrical hole either in. or J in. in 
diameter. A screw at the bottom works a plunger up through the hole. 
A piece of elder })ith is com])ressed by rolling until it is small enough to 
fit into the screw head. A hole of appropriate diameter is made through 
the pith with a needle or drill and the flax stem inserted. The pith is filaced 
in the screw head and moistened to make it fit tightly around the stem and 
into the head. The pith and stem arc then extended to th(‘ desirecl distance 
and the extruded part cut off by a razor. The sections weri‘ mounted m 
50 })er cent, glycerine and water. 

C. PROCEDURE FOR MAKING FIBRE COUNTS 

Two methods of evaluating fibre characteristics were tried, the first 
by exact measurement of fibre diameters and numbers on a projected imagi* 
of the section, and the wsecond by a direct microscopic assessment of a number 
of fibre characteristics. 

((f) BY PROJECTION AND EXACT MEASUREMENT 

Exact measurements of fibre dimensions and a series of counts of average 
numbers of fibres per bundle were made. From previous work it was deemed 
desirable to measure at least thirty stems, or more, if })ossible, from each 
crop : fifty was finally chosen as being the greatest number that could 
be conveniently dealt with. 

The sections were projected by means of a lamj) housed in a wooden 
box 24 in. square and 22 in. high with an ojien front, and examined through 
a microscope jJaced horizontally. The image was reflected upwards hy 
a plate-glass mirror at an angle of 45° on to a horizontal j'iece of jJate 
glass to which was pasted a piece of tracing-pa])er. 

The magnifications, expressed as linear diameters, used for nn'asure- 
ment of percentage of fibre in the stem, were 177X for the larger and 23()X 
for the smaller stems ; the magnification for average fibre size was 134()X 
and for size of lumen 2140X. 

The percentage of fibre computed as percentage of the area of the cross- 
section does not necessarily give the percentage of fibre as weight in the 
stem, since no account is taken of the specific gravity of the substances 
in the tissues nor the amount of space taken up by the cell lumina. However, 
it was considered that a suitable measurement of areas should suffice for a 
comparison between crops, rather than determination of the absolute 
percentage of fibre by weight. 
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Five measurements were made as follows : — 

(1) Area of Fibre as a Percentaoe of Stem Area 
(Referred to henceforth for brevity as “ fibre in sttmi area ”) 

The chief o}>jection to this measurement is that it ignores the possibility 
that the pro})ortion of the stem occupied by the pith may vary considerably. 
Since the pith in the mature stem has usually almost comph*tely disintegrated 
and is at any rate an extremely light tissue compared with the xylem,this 
measurement may be misleading. On the other hand, it is the easiest to 
make. 


(2) Percentaoe of Fibre in the Area of the Stem minus the Pith 
(Referred to iKuiceforth a'< *' fibre in the stem minus ])ilh *’) 

This measurement should give a more suitable figure for comparison 
b(‘tween crofis as it allows for the size of the pith. 


(‘1) The Size of the IjUMEn expressed as a Percentaije of the Area 

of the Fibre 

It was known that the wall thickness of flax fibres vari(*s and that the 
percentag(* of fibre measured by area might be misleading unless allowances 
were made for this variation. Moreover. tht‘ wall thickness might be 
exp(»cted to have a bearing on the strength and optical propertK's of the 
fibres. 

In each stein three fibres — one from the outside, one from the middle, 
and one from the inside of th(‘ bundles used for fibre size — were measured 
for lumen size. 


(4) .\vERA(iE Fibre Size 

A ty|)ical bundle from each stem Mas selected, the fibres counted, and 
the average size of the fibres calculated. 


(5) The Averac^e Number of Fibres per Bundle 

The total number of fibres was counted and divided by the number of 
fibre bundles. 

Since the method is slow (seven to eights days ])er crop), it was thought 
best to try it out first on some representative cro|)s. Accordingly four 
cro[)s (137b and 98a, rejireseiiting the better crops, and 123 and 108 the 
poorer) were selected and e.xaniined. Average fibre size measurements 
M'ere made on ten stems, and the remaining measurements on fifty stems. 

Although the crops chosen obviously showed a wide range of quality 
the differences in im^asurements were not correspondingly significant. It 
was felt, therefore, that the value of the method did not justify the time 
it consumed. Moreover, it did not take into account such clearly important 
fibre characters as fibre shape, &c. The method was thendore discarded 
in favour of another vs'hich gave less accurate measurements of fibre dimensions 
but a more comprehensive picture. 
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(b) DIRECT MKJROSCOPIC METHOD 

It was thought that by concentrating on more easily recogniz<*ci fibre 
and stem characteristics by direct microscopic examination a quicker rough 
estimate might be made of the amount and quality of fibre in the stem. 

Accordingly, some eight easily recognizable fibre characteristics wore 
listed and their degree of development estimated. For this a system of 
notation was evolved in which the degree of develojiment of the particular 
characterivstic was indicated by a number, as indicated below. 

The classification assigned to a croj) under each index was l)ased on 
ten sections selected at random from the fifty and classified individually. 
In cases of doubt, another group of about ten was considered in conjunction 
with the first ten. 


(1) Fibre Characters Chosen 

I. Bundle Shape 

(1) Regular . — The bundles are regular and fairly smooth in outline ; 
the shape is oblong to oval. 

(2) Slightly Irregular . — The bundles are less smooth in outline and 
deviate a little from the regular shape of Class 1. 

(3) Yery Irregular . — The bundles are irregular and show marked })ro- 
jections and constrictions. 

There would seem to be a greater chanc(‘ of loss of fibre from irregular 
bundles in retting and scutching, since the bundle's would be more re*adily 
broken up or the projecting filue' broken off. Regular bundle's would give* 
a more unife)rm fibre*. 


11. Evenness inthin the Bundle 

(1) Even. —The fibres within the bunelle are fairly e‘ven in si/e* aiiel 
usually tenel to lie evenly in rows. 

(2) Mixed. —The fibres within a bundle vary considerably in size, and 
fibres of different sizes are scattered throughout the bundle. 

(3) Two Zones. -In some stems the fibres show a division into twei zones. 
The inner fibres differ in shaf)e from the outer ones, and, so far as has been 
noted, are always ])oorer in shajie, being “ squashed ’’ or “ folded " (see 
Index III) ; often, but not always, the layering is more iuark(*d and the 
fibres thinner and larger. 

The outer fibres of each bundle are the first to develo]> wall thickening ; 
the inner ones develop later. An inner zone of ]>oor fibres shows, therefore, 
that the later part of the growing season was unfavourable for the growth 
of good fibre. 

The even bundles, which are the most uniform, are given the highest 
grade, and the two-zoned, which are least uniform, the lowest. 


III. Fibre Slmpe 

(1) Polygonal . — The fibres are polygonal in outline, either regular hexa- 
gons or irregular polygoiLs. The intercellular spaces are absent or only 
very small. 

(2) Rounded . — The fibres are round in outline. There are intercellular 
spaces. 
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(3) Squashed . — The 6J)res are somewhat flattened and elonj^ated tan- 
fi;entially ; the corners are rounded. 

(4) Folded.— The cell wall is in jdaces folded inwards forniin^^ a re-entrant 
angle or the whole flbre is flattened and lM*nt. 

Fibre shape is the fibre characteristic which has been used hitherto 
]>rincipally by (lermau workers to measure fertilizer response in linen flax. 
Cflosely })acked fibres, ])olygonal in cross-.section, an* regarded as ideal. 
The various degrees of dejiarture from this are set out above. 


IV. Laijerhuf 

(1) Faint . — The lay(*ring is very faint. 

(2) Moderate . — The layers are moderately well marked, or there is not 
more than one strongly marked one. 

(3) St ronq. — The layering is very strongly marked. 

(4) Cleamqe . — There is separation betwwn layers of the wall. In cast*s 
when* the cell wall is thick and the only cleavage is shown by an exceedingly 
thin layer s<*])arating next to the lumen, this is disregarded. 

'fhe fibre w'alls an* made up of a number of layers, tin* (h‘velopment of 
which IS considered undesirable, since, w'hen these are most strongly marked, 
tln‘r(* may be actual sej»aration between the layers, wdiich, it may be 
suppos(*d, would lead to lack of strength in tin* fibre, 

V. Wall TJnrlness 

(1) Thick nV///s. — The walls are thick and tin* lumen .ilmost filled. 

(2) Moderate W'tdh. — The walU an* thinn(‘r and tin* lumen somewhat 
larger. 

(3) Thin Walls. — The walls are thinner and the hinn*n takes u}» about 
one-third or more of the diann*ter of the fibre or one-third the wudth (d' tin* 
short axis in a flattein'd iibn\ 

The thinner-w’alled fibres are given a |)oon*r classification sinci* they 
must be lighter and weaker than the thicker filires. 

The cells may be so thick that the lumen is almost completely filled or 
so thin that it is little thicker than an ordinary ])arenchymatous cell. No 
crop showed stems with a large number of (*xtreniely thin walled cells, and 
no classification is included fi>r them here ; they are taken intt> account m 
the “ ])ercentage of ])oor fibres/’ 

VI. Fibre Size 

(1) Large . — Average measurement of the diameters of five fibres is 
0*095 mm. or over. Then* were nine cro]is in this class. 

(2) Medium.— The average measurement of the sums of the diameters of 
fiv(i fibres is 0*080 mm. and up to 0*095 mm. There were twenty-three 
crops in this class. 

(3) Small. — The average measurement of the sums of the diameters of 
five fibres is less than 0*080 mm. There were seven crops in this class. 
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To measure fibre size the length of a tangential row of fibres was 
measured, using a camera lucida. In each stem three measurements were 
made, all in the same bundle where possible, of a row on the outside, 
middle, and inside of a bundle. The smallest group of fibers measured was 
0*053 mm. and the largest 0*1 34 mm. long. The lowest average was 0*072 mm. 
and the highest 0*104 mm. 

The difference between the larger and the smaller fibres does not seem 
to be great enough to affect the simming quality of the flax, and no effect 
seems to be known. Since larger fibres give a larger quantity of flax they 
are counted as more desirable than small. 


VIT. Number of Fibres per (hut Area of Stem 

(1) Many fibres per unit area of stem. 

(2) A mod(*rate number of fibres per unit area of stein. 

(3) Few fibres per unit area of stem. 

Within the same crop the number of fibres ])er stem on the whole 
increases with the diameter of the stem ; but if stems of the same diameter 
from different crops are compared the number of fibres ptT stem may be 
very different, as seen in the three crojis shown in the table* b(*low. 


Table II. — Ni'mbeb of Fibres 


Slein IMaiuefft 

1 Crop ‘.ML 

Crop J2r> 

i Crop P.') 

! 

0*95 mm. . . 

2K3 

398 

50(> 

1*55 mm. . . 

474 

579 

im 


This index, referred to for convenience as “ amount of fibre.” should, 
combined with that of fibre size, give a rough indication of the amount of 
fibre in the stem. 


VIII. Percentage of Poor Fibres 

Fibres with extremely thin walls, “ folded ” fibres with thin walls, and 
fibres with a very high degree of cleavage are classed as jioor. 

The percentage of poor fibres in any stem ranged from 0 38 p(*r cent. 
The smallest percentage in any croj) w'as 0*1 per cent, and the highest 
19 per cent. 

The classes are — 

(1) 0-1 percent. 

(2) 1-3 per cent. 

(3) 3-10 })er cent. 

(4) Over 10 per cent. 

The poor fibres include all those that are weak and light and many which 
are possibly easily lost in processing and therefore undesirable. 

Fibres of this type may occur in all stems. When a few of these poorer 
fibres are scattered among better fibres they are insufficient to class the stem 
in an extra class “ extremely thin walls ” or in “ folded,” but they cannot 
be disregarded. They are therefore treated in a separate class. 
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(2) Fibre Index Number 

For purposes of general comparison the sum of the individual indices 
has been used.* This sum is henceforth referred to as the “ fibre index 
number.” It gives a handy way of arranging the crops according to the 
picture })resented by the fibre under the microscope. 

The (TO})s sectioned are shown with their fibre index numbers and their 
classification under each index in Table IV. 


(3) Some Features con.siderbd as Indices but dis('akded 

(a) Ai^enige Number of Fibres In the Fibre Bundle 

This was measured for ten .stems in each crop and the average* taken 
over the ten stems. 


{b) Total Number of Fibres in the Stem 

The total number of fibres in ten stems was counted and averaged. 
These two indices — {a) and (/>) -- wvre chosen to give some idea of the amount 
of fibre in a crop. For the mo.st part they measure the same thing in 
different ways, as will be seen from Table III. 


Tahi.k III. — Averaok Xcmber of Fjhrk.s in tiik BcNDi.r 


NuiuIkt of Fil»r("» 
111 Stem 


14-15 



1.^ lu j 


20 21 



SOI -H.50 

7.51 -son 
701 7.50 
0,51-700 
601-6,56 
5,51-600 
.501-, 550 
4-51 -.5( Ml 
401-4.50 
351 -4(K1 


1 

I 

I 

! 




3 


I 

i 



1 

3 

4 
1 



l(>-27 


1 


However, some crojis that would come in the highest class in (b) come 
in a lower cla.ss in (n), for when the number of fibres is over 7.50 there is 
often a greater number of bundles than would be exjiected. “ Total number 
of fibres ” is therefore a better measurement than “ av(‘rag(* niiiuluT of 
fibres in bundle.” 

Neither of these indices takes into account the stem diameter or the 
fact that the number of fibres in a stem tends to increase with an increase 
in .stem diameter. Thus two crops differing greatly in stem diameter may 
on a fibre count be put in the same class, whereas the actual number of 
fibres per unit area of the stem may be very different - e.g., crop 106. Tin* 
stems Avere fairly fine and on fibre count they fell into Class 4, with 
501-600 fibres, whereas taking their diameter into account they come into 
Class 1 in the index, “ amount of fibre.” 

* In a few crops which have two zones tw’o values are recorded for some characteristics, 
one fxir the inner and one for the outer zone. When these ai-e widely different, as for 
layering in crop 102 (with outer zone 1 and inner zone 4) an intermediate value is used 
in assessing fibre index number. 
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(r) Number of Rowfi in the Bundle 

The fibres are arranged in the bundles roughly in rows. It is obvioua 
that, other things being equal, the great(?r the number of rows in the bundles, 
the greater the percentage of fibre. 

This was merely a rough way of estimating the same thing as the two 
preceding indices, since those stems with one to two and two to three rows 
in the bundle for the most part fell into classes with a low number of 
“ total fibres ” and average bundle size,” those with three to four rows 
in classes with a large number of total fibres and large average bundle size. 

(d) A rerage Number of Fibres yer Bundle 

The crops were })ut by estimation into three classes — with many, a 
moderate number, and few fibres per bundle. The results obtained by 
estimation agreed reasonably well with those obtained by actual counting 
for total number of fibres in the stem. 

The four ])receiling indices were discarded in favour of VI 1, “ Number of 
fibres per unit area of stem.” 


(e) Difference in Tiro Side.^ of the Stem 

There is sometimes a difference in size, f>ccasionally marked, between 
the fibre bundles on two sides of the stem. The difference may l>e due to 
difference either in size of the individual fibres or the number of radial rows 
of fibres in the bundle. Three classes were made, where the difference was 
lacking, slight, or great. The index was discarded because observations 
made on different sets of stems from the same crop did not agree. 

( f) Fibre Shape 

Originally the class ” ])olygonal ” was divided into two- regular 
hexagons ” and ” polygonal ” ; but ” regularly hexagonal ” occurred with 
“ even fibres ” in Index IV and ” polygonal ” with mixed,” as was to be 
expected. Since the same feature was being taken intt> account twice* over, 
the distinction between fibre shapes was dropjied. 

(4) Some Features noted but not tnc^luded in the Index 
(a) Ratio of Stem to Pith 

The proportion occupii*d by the pith varies in different stems. Since 
the })ith almost comjiletely disintegrates and is, at any rate, an (‘xtremelv 
light tissue, the greater the proportion of stem occupied by j)ith, the greater 
the jiercentage of fibre obtained by weight from the stein, other things 
being equal. 

In ten stems from each crop the ratio of the diameter of the stem to the 
diameter of the pith was measured under the camera lucida and the results 
averaged. Table IV contains the results for the lowest and highest averages 
of ratios found in individual stems ; it shows the ratio of the area occupied 
by tissues other than pith to the area of the pith calculated from the 
measured diameters. The calculations indicate that the other tissues may 
occu})y less area than the pith, as in a stem affected by false browning, or 
up to or over four times the area of the pith in a stem from crop 122. 
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The iriethod of nieasuriu^i is rouj^h, and the ratio calculated from these 
measurements differs by 1-10 per cent, from that old-ained on the same 
stem by j)lanimeter reading on the projected magnified image. However, 
extremely woody stems can be satisfactorily distinguished from hollow 
stems. 


Table TV' 



i 

' Ratio Area other 

(lop 

; Stciii/Pilh Ratio 

1 

1 '1 to Area 


of Pith. 

Ar 

i rtup 7Vw SU ms 


102 (rnucli false l)ro\\iiing) 

1-40 

1-22 

120 

.. . 101 

i*r>o 

i:hb 

.. i 2* 10 

3-00 


StngU Sinn 


102 (niiieh false Browning) 

l-.IO 

1 0-74 

120 

.. 1 1 r,2 

I 1 31 

122 

.. I 2 40 

4 70 


(h) Jiitfffs in W(pod 

Usually the vessels of the xylem become progre>>ively smaller from the 
pith to the cortex, but in the xylem of some steiiLs there is an intere.sting 
ring of larger vessels which seems to indicate an unev(*nness in the growth 
(»f the plant. This unevenness, so far as is known, not reflected m the 
fibre. 


(5) Comments on ea(’h Fibre CHAK.ACTEKisTir 

Latfcrinfi a ml Perventaijv of Poor Fibres ( Table V) 

As layering does not come into the definition of a ])oor fibre it can tmly 
be correlated with j>oor fibres as far as it affects wall thickness or fil>re 
shape, or both. None with faint layering had more than 1 ])er cent, of 
poor fibres. One sample, that showing false bro\MHng, had moderate 
layering and more than 10 ]>er cent, of bad fibres : o]»j)osite extremes did 
not occur together. 


T\bli; V. — Layekino and Pekcentaot ot Pnou Fibres 


j < ’lass 1 

! 1. 

' *2. a 

4 

1 

( ' 


11 .. 1 

! 

Percentage of poor ) ‘ 3 


3 , 2 

1 

fibres 'i 1 2 

. . 

3 1 1 

1 

i 1 

5 

10 1 13 
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Layering and Fibre Shape (Table VI) 

Cells with polygonal fibre shape show layering “ faint ” to “ strong ’’ : 
“ squashed ’’ cells show layering “ strong ” to “ cleavage ” : '‘folded ’’cells 
show “ moderate ” layering and “ cleavage.” Good cell shape shows every- 
thing except the worst layering : ]K)or cell shape generally, but not always, 
is associated with strongly developed layering. 



Fibre shape 


Tablb VI. — Layering and Fibre Share 




Laycriiijr. 



Class 1. 

' 


.1 i 

1 

(■ 

4 I . . i 
3 1..: 

I 

1 

. . 1 

2 i 


! •) : 


H 

‘ i 

1 1 ’ 

12 



Layering aiid Wall Thickness (Table VIT) 

The thick-walled film's have faint to moderate layering, and thin-walled 
fibres have nioderati* layering to ch'avage. The layering tended to increase 
with thinness of the wall. In no case is there extremely good quality in 
one with extremely bad quality in the other, but the two qualitu's are not 
so strongly associated that one can be used as a measure for the other. 


Tahle VII. — Laverinc; and W^ll 'I'hk’Knkss 




j < iMSh I 1 


{ 


Wall thickm'Bs 


3 


1 


. . , i o 

I 11 12 

4 1 7 ! 1 

i I 



Layering ami Keenness niihin the Bundle (Table VIII ) 

Both even and uneven bundles show faint to strong layering. Two- 
zoned bundles show inoderat(* layering to cleavage, the cleavage when 
present being in the inner zone. Opjiosite extremes did not occur together. 
There seems no strong tendency for degree of layering to be associated with 
unevenness within the bundle. 


Tabv.e VIII. — Layering and Evenness within the Bcndle 



Jiayerliij;. 


Class. 

1. 

2. 

3. 

1 

Evenness within/ 
bundle j 

i 

3 

2 

1 

1 

*2 j 
3 

2 

14 

1 

3 

12 

1 

4 
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Fibre Shape, Wall Thickness (Table IX) 

None with thick walLs have “ squashed ” or ‘‘ folded lil)res. Thiu- 
walled cells could have any sha])e. 


Table JX. — Fibre Suabe, Wall Thickness 


Cla*'*'. 


Kilire SJiai»e. 


Wall thif*kiu*s.s 


3 2 i 

2 ; 13 1 

1 n ' 


1 ! 1 

10 I 4 


4 


2 


Percentage nf Poor Fibres and Wall Thickness (Table X) 

Since a film* with extremely thin walls is classed as j)oor it is not 
sur]>nsin<i to find that all crops in Class 4, “ JVrcentagi* of Poor Fibres." 
(‘ome into Class 3, “ Thin M’alls *' for fibre thickness, and that no crops 
classed thick walled " have more than 3 per cent, of poor fibres. A hi^h 
percentajie of jioor fibres occurs only in thin-walled stems, but a low 
])ercentajie of i)oor fibres may be found with any class of wall thickness. 


T4BI.E X. — Percentxok Oh Poor Fibres and Wall Thicknks 


vnfiitaiB* of I*oor Kiltn*" 


('las^ ' 1 


:i 4 


' ! 

Wall tliieknesh . . i 2 17 3 

’ 1 7,3 


1 .3 


Percentage of Poor Fibres and E re n ness trit/an the Bundle (Table XI) 
All with a high ])ercentage of poor fibres have two zones and all wdth a 
high degree* of evenness within the bundle have a low^ jiercentage of poor 
fibres ; but “ tw^i zones *’ does not necessarily go w ith a liigh ])t^rceutage of 
poor fibres nor a low" jiercentage of poor fibres wdth extreme* evenness. 


Table XI. — ]*krcexta<je ok PeaiR Fibres and Knennkss within the Pcndle 



Perrentaso •>! Pom I'ibres 

CIjis*. ^ 1 

- 

:i , 4 

Evenness withinj 
biineile 

3 1 1 

<■> 

1 1 5 

i 1 

2 

3 

1 

3 1 3 

2 

i 
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Percentage of Poor Fibres and Bundle Shape (Table XII) 

There is no association between bundle shape and the ])ercentage of 
})oor fibres. 


Tabi.k XTI. — Pkrceutage ok Pooh Fibres ani> Hcndle Shape 


Perrentajie of Poor Fibres. 


Biindlo shape 


^ Cla»s. 

1 

1 


1 4 

r' 


5 

2 ! 4 

1 1 


2 1 

20 

i 4 1 

2 

1 

1 

1 

1 1 



Fibre Size and Laifcrinq and Fibre Size and Wall Thickness 
(Tables XIII and XIV) 

No association of fibre size with either layering or wall thickness is shown. 
There was no association between bundle shape and any othi'r feature. 

The results show that although there is sometimes correlation briwetm 
the qualities of different indices it is not enou«ih to justify discarding any 
index. 


Table \1TI.~-L4Ykkino and Fjbke Size 


Fibre Hize 


Lavenim 




! 42 43 I 
I 40 41 I 
38 30 ' 
; 30-37 ; 
' 34 -3.7 i 
i 32-33 ; 
I 30-31 j 


1. 2. 

..I 1 

i 

3 
1 


4 


2 ! 1 

3 ! 

■t i .. 


1 i 
! 1 


J 

4 


4 

3 


Table XIV. — Wall Thickness and Fibre Size 


Fibre size 


Wall Thirkiifss. 


i ClasH. 

1. 

ft) 

:l 

f 

42-43 

1 

1 

3 


40-41 

, , 

3 

1 

j 

38-39 

2 

4 

1 


3637 

2 

5 

2 

1 

34-35 

2 

3 


1 

32-33 

3 

0 

, , 

1 

30-31 

1 

2 

2 
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D. RELATIONSHIP OF THE FIBRE INDEX NUMBER AND STEM 
J.ENOTH WITH FIBRE PERCENTAOE 

Since ultinmt(‘ fibre quality, after processing is conq)let(‘(l is determined 
as much by th(‘ hazards of f>rocessing and the history of tln^ crop between 
its maturity and the time* tin* factory receives it, as by tlu* quality of the 
fibre at maturity, (‘xacl correlation between the grades assigned to the 
])rocessed fibre by the grader and the filire ind(‘X number was not expected, 
nor was it found. The final grading showed ])ractically no correlation with 



any field factor. Any attempt to link the index witii the s])inner\s e\ aluation 
of the flax was felt to be unsatisfactory for the same reasons. Instead, the 
index was shown to be correlated with quantitative yields of line fibn*. 

The fibre percentage and fibre index grajih (Fig. 1) shows that fibre 
percentage increases with decreasing fibre imh'x number. There is 
moderately good correlation, the coefficient of correlation being — 0*75. 

The fibre percentage and stem length graph (Fig. 2) shows that as the 
stem length increases the fibre ]>ercentage increases. The correlation 
coefRcient is ()’75. 
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Stem length appears to have an effect on percentage yield of line fibre 
comparable with that of the derived fibre index number. Therefore it was 
thought that by combining stem length with the fibre index number into 
a new composite index a higher correlation might be got with fibre percentage. 
This new’^ index was derived by adding to the fibre index number the difference 
between fibre length and 30 in., which was taken as a more or less arbitrary 
optimum length. This new index was ])lotted against fibre ])ercentage 
and the graph (Fig. 3) shoived a fairly well-defined linear relationship) and a 
higher correlation coefficient (—0*82). 

Since the fibre index number is based on certain selected features only, 
jierhaps not all of equal significance, and since fibre yields are likely to be 
altered considerably during the largely uncontrolled process of ))a(*terial 





retting and subsequent processing, it is not to be necessarily su})])osed that 

there should be a perfect correlation between fibre index number and fibre 
yield. Errors may be introduced in sampling. During scutching some 
fibre may have been unnecessarily lost as tow, but no records wen* kept 
of tow yields and therefore fibre percentage yields are incomplete. 

Some of the scattering may be due to the differences in the stem/pith 
ratio, which is not included in the fibre index. The stem/pith ratio of 
most of the samples varied very little, but two samples (117 and 134b) 
with abnormal ratios have been omitted from the above analysis. 117 and 
134b had each abnormally high stem/pith ratios, which lowered the 
expected percentage yield. 
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PART IL— FLAX-GROWING SOILS OF GERALDINE DISTRICT 

Only those soil ty])es on which linen flax was sown are discussed. Sev(*n 
soil types are concerned, and a brief description of each follows. 

Soil Type 3. Oraiu Silt Loam 

Orari silt loam is derived from grey wacke alluvium. It is only moderately 
leached, and is well sup] died with ])lant nutrients. In texture the toj) soil 
ranges from a silt loam to a sandy-.silt loam. Textures sandier than this 
are relatively rare. Subsoils are slightly heavier than tojisoils and moderately 
well drained except in de])ressions. Gravels lie at from 3 ft. to 5 ft. below 
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the surface. Orari silt loam is sufticiently well drained to allow early sowing 
of flax, and at the same time it has good moisture-holding jiroperties. It 
is therefore very suitable for the growing of linen flax. 


Soil Type 3r. Orari Silt Loam, Moderately Shallow Phase 
Th(‘ moderately shallow phase of Orari silt loam differs from Orari silt 
loam mainly in its greater degree of stoniness, lower fertility, shallower 
profile, and freer drainage. It tends to be droughty. Gravels lie at from 10 in. 
to 24 in. below the surface. To grow successful flax it needs plenty of evenly 
distributed rainfall throughout the growing season, or irrigation. 
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Soil Type 3d, Orari Silt Loam, Shallow Sandy Phase 
The shallow sandy phase of Orari silt loam differs from Orari silt loam 
in its shallower profile and sandier texture. The texture ranges from a 
coarse, very sandy loam resting on sands to coarse sandy loam on gravels. 
The gravels are usually within 18 in. of the surface. Gravel ridges are 
common, and on these flax is rarely successful. False browning is mostly 
restricted to such shallow ridges. The shallow sandy phase of Orari silt 
loam is overdrained and droughty, and for successful flax-growing it would 
require excessive rain well distributed throughout the growing season, 
or irrigation. In a normal South Canterbury season it would be classed 
as unsuitable for flax. 


Soil Type 4a, Wattohi Silt Loam, Well-drained Phase 

Waitohi silt loam is derived principally from locssial parent material, 
and like all other soils derived from the same parent material it has a silt- 
loam texture. It is typical of the higher terraces of the plains and may be 
regarded as one of the oldest alluvial soils in South Canterbury. It is 
strongly leached and fertility is on the low side. There is a moderate lime 
deficiency. The texture of the topsoil is invariably a silt loam. Subsoils 
are heavier than topsoils, ranging from heavy silt loams to silty clay loams. 
Through-drainage of the profile is poor, but the surface is gently undulating 
and surface drainage is good. 


Soil Type 4b, Waitohi Silt Loam, Poorly-drained Phase 

The poorly-drained j)hase of Waitohi silt loam differs from Waitohi silt 
loam (soil type 4a), mainly in its flatter surface and therefore poorer surface 
drainage. In a wet spring, therefore, cultivation is delayed, and heavy 
rain at harvest may seriously impede pulling. Overcropping readily destroys 
its structure and makes it even more easily waterlogged. It has less ]>lant 
foods than type 4a, lime being especially deficient. Two crops were rejected 
on account of short stems. 


Soil Type 8a, Taiko Silt Loam 

Taiko silt loam is typical of the rolling downlands where the soils are 
derived from loess. It is moderately leached, with a subsoil heavier than 
the topsoil. Surface drainage is good, but drainage through the profile is 
])oor. In wet weather, therefore, cultivation may be impeded. Prolonged 
rain may seriously delay sowing and pulling. 

It is moderately well supplied with plant foods and has only a moderate 
lime requirement. The structure is a soft crumb which readily deteriorates 
under intensive cultivation. 


Soil Type 8u, Taiko Silt Loam, Leached Phase 

The leached phase of the Taiko silt loam lies under a slightly higher rain- 
fall and a much greater humidity. It has developed on the downlands 
near the ranges, and is much more strongly leached than Taiko silt loam. 
It has less plant foods than type 8a, but none of these appear to be deficient 
enough to limit the growing of flax. 
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PART IIL-^RELATIONSHIP BETWEEN SOIL TYPES AND FIBRE 

QUALITY 

The crops which were grown on each soil type, together with details 
of their fibre indices, are shown in Table XV. 

<1) Fibre Characteristics of Flax grown on Soil Type 3 (Orari Silt 

Loam) 

Qmlity index = 12, Only two crops were sown on Orari silt loam, 
and both showed marked similarity in fibre picture. The two crops differed 
principally in the number of fibres in the stem (groups 1-2). In all other 
respects the fibre picture was practically the same. According to the system 
of classification used both croi)s were of high quality. 

Orari silt loam may be regarded as the best of the linen-flax-growing 
soils of the Geraldine district. Approximately 4*0 per cent, of the total 
acreage of flax in the district was sown on this ty})e. 

(2) Fibre Chahactertstk’s of Fibre grown on Soil Type 3(’ (Orari Silt 

Loam) 

Quality index = 1()'4. FiYe crops were sown on Orari silt loam, and 
these show a moderate degree of variation. They differ principally in the 
fibre size, which ranges from group 1 to grou]> 3. 

The number of fibres per bundle, bundle shape, layering, and evenness 
in bundle an* all medium, and range from group 2 to grouj) 3. 

All crops show a small percentage of poor fibres, exce])t 131b, which 
has a high percentage, falling into group 3. 

The best fibre index number is that of crop 115 [14].* This was to lie 
expected, since the soil ty])e on which it was sown approaches typ(‘ 3. which 
grew crops with an index of 12. 

The worst crop was 130, with an index of 19. This was sown on a ratln*!* 
shallower phase, some of the paddock being excluded from sowing on account 
of its extreme stoniness. This field was easily the most droughty of the 
five. 

Croj) 134b, with a fibre index number of 17, gave an exceptionally low 
yield of line fibre. This may be explained by the high ratio of wood to 
])ith, which upset an otherwise fair fibre jiicture. This cro]) moreover 
had a higher proportion of bad fibre. 

The effect of date of sowing shows fairly well on this soil type : — 



Date of Sowing Jiulex.* 


('ro|> 

1 Fibre liulex 

4 . 





llo 

: lo 

4 . 





130 

1 

5 . 





9Ha 


6 . 



, , 


134b 

* 17 

6 . 





117 

1 IS 


* Date of 15th to 31«t Oetoher ; 5, ist to 14th November , tt, l.ith to :iOth Nowmber. 

Note. — The fibre index number of crop 130 is high because of extreme 
droughtiness. Crop 134b w^as rejected because its average length was less 
than 20 in. The cultivation of the seed-bed for 117 was })oorer than for 
134b. 


Numbers in square brackets refer to crop index numbers. 



62 


The N.Z. Journal of Science and Technology [Ji^ne 


III 


« = 

2 aj ’*■ 

S-ll 

Cj % 

9u 

||fi| 


^ « 
0- 

U -3 




5 1- i 

isl 


i |i ce - 

Sr^^lS 


Is 


SS ,U! 

£ 

H 


V 


it 

* rft 


£sii 

si 2 

A ^CQ 
W 


PQy. 


>2; 

& 

I 


129 

116 


< a 


102 

« •< 

O O l> *0 U5 50 

^ Ol Ol Ol Ol 


CO CO 


O -H 



iO CO lO lO VO CO 




+- 

oi lO t'* 

++ 
»o c 


r* X o 1-^ X X X 

Ol 



r-* CO o <tc ^ 

O Ol 


X ft ^ »o X 

X 







’-f 



Ol »0 '•t — < X 
ot oi oi OI 

OI 

Ol 

^1 

t' r- -*f r- X »o Ol 

Ol Ol Ol Ol Ol Ol 01 

»o 

10 

11 

10 

s 

^ 

CO 

Ol 

»o 

CO ^ X t'- 

8 fl 

— Ol 

CO CO 


a X c; :c c 

X r- c X 

Ol 

05 

CO 

ft 1-- CO Ol X 

X e- ft ft X ft 




^ < OJ Ol 




— 



,-H — ( — CO -H 



-------- 


« Ol 

& 

Ol Ol CO <M OI 

ee _ 

- 

Ol 01 Ol Ol Ol CO CO 

& 

oi oi 

~ - 

t* 

0; 

< 

CO Ol —N oi Ol 

(. 

< 

Ol 

01 Ol Ol — 01 

•< 

— 


— < Ol CO O'! 01 


CO 

OI Ol Ol Ol Ol Ol Ol 




-H CO CO 01 CO 



CO Ol Ol CO 01 CO CO 









»-H »— 1 


-H —< Ot OI CO 


f 

^ ^ Ol Ol 01 






Ol 



PiH 


Ol 01 OI OI CO 


CO 

fH Ol 01 01 Ol Ol Ol 


oi Ol 


CO OI OI OI CO 


01 

Ol Ol Ol Ol Ol Ol Ol 


S2 

pH tH 


115 

98a 

117 

13iB 

130 


102 

w S S S S S w 

pH fH fH pH fH 


CO 


o 

CO 


Q 

CO 

4 



♦ Date of s«>wi«ji : ;}, before 15th 0<*toJ>cr. 4, 15th to .Jl^t Ortoher , 5. l*»t to 14th No\eint»er ti 15th t»» 4 uh Ni»vemher t Minimum. Some of filire lost in 

scuteher. Omitted from average. ; Average with 117 ami 144n omitteil 
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* Date of s<^>winir : 3. before ir)th Oetolier 4. l')th tn (b(o]n*r l-^t lo 141h Novnubei i;. i:»tb to tuib No\fml 



6-i The N.Z. Journal of Bchenue and TBCHNOLoav [June 

Approximately 17 pc^r cent, of the total area was sown on the moderately 
shallow phase of Orari silt loam. It may be regarded as a problem soil, 
and its linen-flax ])otentialities should be further investigated. A small 
potash trial .on a portion of ero]) 130, where potash was top-dress(^d at 
the rate of 1 J cwt. to the acre, showed a distinct improvement in flbrc' 
quality. 

(3) Fibre Characteristtus of Fibre (jrow’n on Soil Type 3i) (Oraki 

Silt Loam, Shallow Sandy Phase) 

Quality index = 21. Only one crop (No. 102) was sown on this soil 
type. This crop had a good deal of false browning on shallow stony ridges. 
Sarnjdes were taken from the patches of false browning and also from the 
remainder of the paddock, whi(‘h showed no visible deterioration. Both 
samples gave an almost identical picture, and suggested that the browning 
was only the final stage of a more fundamental change that had taken place 
earlhir, and that before the stem actually died off, the droughty conditions 
had already had a detrimental effect on the fibre. 

All undesirable fibre characteristics were well developed in both sam})les, 
with the percentage of poor fibres exceptionally high. (In the false browning 
samples the inner fibres were poorly develo])ed, probably owing to the 
])lant having died off earlier. The cleavage lines were not so prominent, 
])robably for the same reason.) 

This crop might have been better if it had been sown earlier, wlu*u it 
would have escaped th<* droughty part of the season from late December 
onwards. The shallow sandy phase of Orari silt loam api)ears to be unsuitable 
for growing linen flax, and if it is used the flax should be sown as early as 
])ossible. 

Approximately 1*0 per cent, of the total area was sown on the shallow 
sandy phase of Orari silt loam. 

(4) Fibre Characteristi(\s of Flax growx ox Soil Tvpe 4a (Waitohi 

Silt Loam, Well-drained Phase) 

Quality index — 14'H. Seven crops were sown on this soil type. Fibn* 
characteristics show a moderate degree of variation. 

The main variations within the grouj) are — 

(1) Number of fibres in stem (2 3). 

(2) Layering (2-3). 

(3) Fibre size (1-2). 

There were no crops with very small fibres (all in grou])s 1 and 2), no 
cro])s with poor fibres (all in group 1), and all crops showed good fibre shape 
( 12 ). 

The best fibre picture is given by 120b and 127, both of which were 
grown towards the west of the district under a more uniformly humid 
climate. These crbi)s were very even throughout, although crop 127 was 
rejected because its average length was less than 20 in. One of the worst 
was 121. The main difference between crop 121 and the rest was in the 
■waterlogging of the field when the crop was in the seedling stage. It is 
possible that this may have had a bearing on the final fibre picture. Of 
the total area, 14 per cent, was sown on soil type 4a. 
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Date of sowing did not appear to have much effect on these crops. 
Taking the group as a whole, the crops were uniform. The fibre size was 
generally good, and there was only a slight tendency towards rounded fibres. 
The soil may therefore be regarded as moderately suitable for flax-growing. 


(5) Fibre Charai^terlstics of Fibre grown on Soil Type 4b (Waitohi 
Silt Loam, Poorly- drained Phase) 

Qua! Iff/ indej — J<S. Eleven crops were grown on soil tyj)e 4b. All 
crops showed a strikingly wide range of variation, w^hich may be summarized 
as follows : — 

(1) Tin* greatest range of variation was in the proportion of })oor fibres, 

which ranged from 14. 

(2) Fibre size, wall thickness, fibre shape, and number of fibres in the 

stem all showed a range of from 1 3. 

(3) Layering and liundle shape showed a moderate range of variation, 

only 2 3 and 3 4 respectively. 

The worst crop w'as 135 (fibre index number = 25), which was sown late 
(the latest of the group, 11th November), in a very })oor seed-bed cultivated 
wdien the field w’as too w^et. 

The following ero[)S wvre also below^ average : % [22], 1(.)H [20], 123 [lt<], 
Crops 123 and IIS w’ere rejected because their average length was less than 
20 in. 

The better crops — 99 [16], 1(K) [15], and 132 [15] —were sown on a 
slightly undulating phase of the tyjie, which therefore apjiroached soil tyj)e 4a 
ill drainage projierties. The effect of this variation is shown clearly in the 
fibre picture. 

All crops, wdth the exception of 135, were sown about the same time. 

The soil tyjie, as a whole, may be regarded as a jiroblem one, and the 
above observations would suggest that it is better avoided for linen flax. 
Of the total area sown in (ieraldine County, 30 per cent, was on type 4b. 


(6) Fibre CHARArTERiSTK’s of Flax grown on Soil Type 8a 
(Taiko Silt Loam) 

Qualify index 15-7. Flax grown on soil type 8a shows a fair degree 
of uniformity in fibre quality. The principal variation is in wall thickness 
of the fibre (13). Other fibre characteristics vary only slightly (2-3) for 
all fibre features except the percentage of poor fibres, which ranges from 1-2. 

The worst crops were: 124 [18], 95 [18], 101 [17]. Paddock 124 was 
known to have had a poor tilth, which may have affected fibre quality. 
Crop 95 was rejected because its average len^h was less than 20 in. 

The best crops were : 107 [14], 106 [14], 131a [14]. Of these, crops 107 
and 106 lay to the west of the Oeraldine district, where humidities are higher, 
and the soils are therefore transitional to soil type 8(\ on which crops have 
a fibre index number of 13*0. 

All crops on soil type 8a were sown about the same time, wdth the 
exception of crop 131a, which was sown early. 

Cro})s sown on soil type 8a, which may be regarded as a moderately 
good flax-growing soil, represented about 22 per cent, of the total area 
iiown. 


.S— Science . 



06 


The N.Z. Journal of Science and Technolog v [June 


(7) Fibre Characteristics of Flax grown on Soil Type 8c 
(Taiko Silt Loam, Leached Phase) 

Quality index IS'O, Flax grown on soil type 8c shows a good degree 
of uniformity. The principal differences are in fibre size, number of fibres 
in the whole stem, and layering, which range from l-S. The remaining 
characteristics show only slight variation. A good feature of this group 
is the low proportion of poor fibres. 

Note. — The quality index is derived from considering all the crops sown 
on the type. However, some of the’ crops were sown very late, and should 
probably be regarded as not truly indicative of the normal fibre character- 
istics of the group. The quality index, therefore, should probably be rather 
lower — t.e., better. 

The effect of late sowing shows up clearly. In the following list the 
crops are arranged in order of date of sowing : - 


Date of Sowinjj.* 

Crop No. 

Kl>>r(* indi* 


114 

10 

0 , . . . . . 

137a 

13 

5 . . 

137b I 

13 

a . . . , . . . . 

122 

14 

” 

109 

15 


* Date j»f Sowiiijjf: 5. to 14th Noveinl)er; 0, 15tJi to 30th Noveiaher. 


Crops 137 A, n, and 114 were situated close together, and tludr jiictures 
might have been expected to agree more closely. The land for ero})s 137a 
and B, however, ploughed out of old brown-top yiastures, were in (‘xception- 
ally poor tilth, which might account for their poorer fibre pictnn*. 

This soil may be regarded as very suitabh^ for linen-flax growing. 


PART IV.— CLASSIFICATION OF SOIL TYPES FOR LINEN-FLAX 

GROWING 

According to their suitability for linen-flax growing the soil types 
considered above may be divided into three groups. 

Group I : Good Flax-growing Soils 

These possess optimum drainage, neither droughty nor too wet, and 
have an even climate during the growing season. Group I includes the 
following soil types 

Orari silt loam ; soil type 3 : 

Taiko silt loam (leached phase) ; soil type 8o. 

The best flax of the 1943 season wad grown on these two soils. This 
flax was even and of uniformly good quality. Of the flax grown in 
Geraldine district, 16 per cent, was sown on soils of this group. 
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(troup 2 : Medium Flax-orowino Soils 

These soils possess some disaliilitv which may affect the crops in eith(*r 
a dry or a wet season e.q.^ over-drainaj^e (drought) or under-draiiiafje. 
Grouj) 2 includes the followiiifj soil types : — 

Waitohi silt loam (well-drained phase) ; soil type 4a. 

Taiko silt loam ; soil type 8 a. 

They tjrow' fairly even flax, but not of such high (juality as the soils in 
grouf) I. Of the (leraldine flax, 36 per cent, was sown on soils of this grouj). 


Group 3 : Soil unsuitable for Flax-orowino 

Grouj) 3 includes soils too droughty or too wet to grow flax successfully 
in any but an excej)tional season. It includes the following : — 

Orari silt loam (sandy phase) ; soil type 3b. 

Orari silt loam (moderately shallow phase) ; soil tyjie 3(\ 

Waitohi silt loam (poorly drained phase) ; soil type 4b. 

Tyjie 3b gave a very j)oor fibre jiicture and a very j)oor croj) with many 
patches of false browning. 

Type 3(', in spite of its average fibre index of 16-4, is includ<*d in this 
category, on account of the fibre variations within the group as well as the 
fact that late sowing is likely to lead to a very poor croj>. It is inclined 
to 1)0 droughty, so that any jirojection of the growing p(*riod into the dry 
January -February |)eriod is likely to lead to jiremature dying off of the 
flax. Moreov’er, yields from the experimental sheaves from w’hich stems 
for sectioning were sidected were rather lower than th(‘ microsco{)ic picture 
would suggest. The value of this soil for linen-flax growing, therefore, 
needs further .study. On it false browning was common not only in the 
Geraldine district, but elsew^here in South Canterbury, especially in the 
Fairlie district, where summer temjieratures are commonly slightly higher 
than on the coastal downlands. On the other hand, in a wet season 3(’ 
would be exjiected to j)roduce moderately good flax. It drains freely and 
is not readily waterlogged. 

On undrained fields of tyjie 4b, late sowings are to lx* exj)ected and 
therefore jioor flax. Structure of the topsoil is poor, and unless the moisture 
content of the soil is exactly right it may be difficult to get a satisfactory 
seed-bed. When wet, the tojisoil cakes together in lumps, and when dry, 
breaks up readily to a fine powder, which may set like cement after a shower 
of rain. If mole drains were drawn it should be possible to work fields 
rather earlier in the spring ; but the structural breakdown, the consequence 
of constant wheat-growing over many years, will not be easily remedied, 
and is a jiroblem needing immediate attention. 

On the whole, if better soils were available soils included in grouj) 3 
would be better avoided for the growing of linen flax. Soils of groups 1 
and 2 should be given preference. 

Of the area, 48 j)er cent, was sown on soils of grouj) 3. 

The jireceding analysis applies only to the 1943-44 season, which was 
moderately dry and followed the course of four seasons out of five— that is, 
by January the stonier soils had dried out enough to kill off weeds. 
The conclusions reached from considering the relationship of flax fibre to 
soil type and agricultural environment therefore ajijily only to such a season. 
In a wet season such as South Canterbury has once in six to eight years, the 
response would be totally different. Flax could then be grown on the 
atony and sandy soils with reasonable success. 


8 * 
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In interpreting results it should he borne in mind that such a season 
as 1943-44 cannot be expected every year, and a long-term ])olicy of flax- 
growing should take into account the incidence of abnormally wet seasons 
when the heavier soils are likely to be waterlogged but the droughty soils 
would grow moderately good flax. 

The results of the fibre analysis are summarized in the following table : — 

Table XVI 


Percentage 
of Area 
grown on 
each Soil 
Tyiie. 

Nuinl)er 

of 

Growern. 

Soil 

'ryi>e. 

Fil»re 

Index, 

• Soil 
Rating 
for 
Linen 
Flax. 

4 

2 

3 

10- ri 

1 

1 

1 

3i> 

24-0 

.3 

17 

fl 

:ic 

lfl*4 

3 

14 

7 

4a 

I4S 

2 

30 

11 

4 b 

18-0 

3 

22 

7 

Sa 

15-7 

2 

12 

fl 

Sc 

13*0 

1 

1 


JioiiiMrks. 


Rest flax grown on this type. Onod fibre of 
uniform quality. Crops sf)\vn early. 

Only one grower — very poor eroj) with false 
browning, flax uneven. 

(Vops show fair variati<^>n. Soil rlroiighty 
and late-sown crops likely to he poor. 
False browning. Some crops sown early. 

Moderately good fairly uniform fibre. 'rw(» 
crops sown early. 

Very variable flax. Two rejected crops on 
this type. Fibre in general poor. 
Unsuitable for flax. 

Fairly uniform flbre. Poor crops on this 
typ«i are due to factors other than soil 
type. No crops sowui early. 

OotkI fibres of uniform quality. N'nriations 
due to differences in time of sowing, or 
poor 8eed-l)ed. No crops sown early. 


PART V.-^RELATIONSHIP BETWEEN FIELD BACKGROUND AND 
FIBRE CHARACTERISTICS 

Within the groups of crops sown on each soil type ua attempt was made 
to a.sse8s the effect of such variations in the field background as date of 
sowing, tilth of seed-bed, previous agricultural history of the field, and 
climate. Since these variations were difficult to define exactly under field 
conditions they were only considered when they were manifested to an 
extreme degree — that is, tilth was considered only when it was clearly very 
poor, when the field had been ploughed wet and the seed-bed was hard and 
lumpy, or when a brown-top turf had been only partly broken up and still 
remained as large lumps. 


Date of Sowing 

Late sowing appears to lead to poor-quality flax. Except in the 
immediate neighbourhood of the ranges, soils dry out badly in mid- January, 
and any crops still making growth after this period are likely to suffer badly 
through drought. Linen flax is intolerant of deficient moisture in the latter 
half of its growing season, and any circumstance which speeds up soil 
draught spoils the fibre. 

The date of sowing is controlled to some extent by the soil type. Those , 
with poor internal and surface drainage cannot be sown as early as those 
with better drainage properties. Thus the earliest sown crops were on 
soil type 3, which is also in other respects the best linen-flax-growing soil. 
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JJuriii" the 1943 season, flax sown after the middle of November was, on 
t)je w^hole, of poor (jualitv. 


Cultivation 

Crops 124, 135, and 137a and n were sown on conspicuously j)oor 
seed-beds. Crop 135 showed a decidedly poorer fibre picture than the 
other crops sown on the same soil type, and 124 was one of the two f)oorest 
on its soil type. Crops, 137a and n, though not the poorest in their group, 
were poorer than the adjacent crop 1 14, which was sown about the same date 
on the same soil type. 


Climate 

Climate has been discussed earlier. Limui flax benefits from an even 
supply of moisture, which may be supplied by light showiTs during the 
jieriod from mid-December to within a week or so of date of pulling, bv 
irrigation, or by growing on a soil with maximum moisture-holding properties. 
By early sowing the crops are standing for as short a time as possible in 
the dry .lanuary-February- March period. 

This effect of climate is well revealed by the fact that flax grown on 
soil type 8(’ is superior to flax grown on soil type 8a. Soil type 8a is much 
h*ss leached, has a better jilant nutrient status, but better flax was grown 
on 8c. The climate when* soil type 8c occurs is, however, much more 
humid than that of 8a, with summer the period of constant cloud and 
well-scattered light rain. Nutrient status, therefore, within these limits, 
would seem to be less important than an even moisture supply. 


Aurk’Ulti RAL History of the Field 

Only one crop in the (ieraldine district was sown on a field of which 
one part had had a different agricultural history from the other, but insufficient 
samples were taken to })ursue the difference ade<|uately. Over the remainder 
of the crops there was too much uniformity of agricultural history to throw 
any light on this (|uestion. 
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HORMONE-TYPE WEED-KILLERS 

By K. M. Greenwood and B. W. Doak, Plant Chemistry Laiuiratory^ 

Palmerston North 

[Heceired for puhlication^ 2Sth 1940] 

Summary 

Three commercial weed-killer preparations of phenoxyacetic acid dei ivatives 
have been tried out on weeds in pastures and waste places. 

In all cases the grasses, except germinating seedlings, were unaffected. 

Californian thistle can be considerably checked in pasture, and it appears 
likely that it can be killed out by successive sprays. 

Convolvulus is susceptible, and the chemicals may well prove usidid in 
eradicating this weed where it is not growing over susceptible plants. 

A discussion on the properties and possible uses of the wec^d -killers is given. 

Further work on weedicide effects of these hormone-type weed-killeis is 
being carried out. 

Introduction 

It has been known for some time that plant hormoiH‘s and other plant 
growth substances, when applied to plants in strengths greater than optimum, 
cause deformation and death of plant tissues. Plants v^ary in their responses 
to these substances, and this led to the idea that such comiKninds might 
prove useful as selective weed-killers. 

Work along these lines has been carried out in England and Ameri(‘a. 
In England the work was concerned primarily with the control of annual 
weeds in cereal and other crops. Of the chemicals tried, 2 : 4-dichloro- 
phenoxyacetic acid and 4-chloro-2-methylphenoxyacetic acid were found to 
be the most eft*ective(l, 2), the latter being most favoured in England(3). 
This substance was found to kill such weeds as charlock, Ranmiculus arvensis, 
Thlaspi arvense, and others when sprayed at the rate of 1 lb. of the sodium 
salt per acre. The cereal crop remained unharmed(l). 

In America, following the finding by Zimmerman and Hitchcock(4) that 
2 : 4-dichlorophenoxyacetic acid (2,4~D) was a plant-growth substance, 
Marth and Mitchell(6), Hamner and Tukey(7), and others experimented with 
this compound as a selective weed-killer. The acid is not soluble in water, 
but Mitchell and Hamner(5) had found the polyethylene glycol preparation, 
Carbowax 1500,” to be a suitable carrier, having the added advantage of 
somewhat increasing the effects of the acid on plants. In much of the work 
done, “ Carbowax 1500 ” has been used as the carrier, though other 
commercial preparations are now available. 

The work has been taken up by the Greens Section of the United States 
Golf Association(8, 9). The rate of a}>plication recommended was 200 
American gallons per acre of a solution containing 0-1 per cent, of the acid 
(2,4-D). Using this strength, a large number of troublesome turf weeds 
could be killed without in general harming the grasses. The bent grasses 
were somewhat sensitive, especially if kept cut very short, but in an instance 
when all the top growth was killed the plants later recovered fully. 

To date, trials using the weed -killers in the form of dusts have indicated 
that more of the active compounds are needed than when applied as 
8pray8(l, 10), There is also greater danger of drift harming susceptible 
plants some distance from the area treated. 

The use of 2,4-D to control germinating weed seeds in composts has 
recently been suggested(ll). 
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It has been shown that 2,4 -D causes abnormal cell division and f^rowth 
in |)lants(12), with a depletion of reserves of starch and soluble 
carbohydrate8(l3). 

It is of interest that iso-propyl phenylcarbarnate has also been found to 
be a selective weed-killer, but its effects are the reverse of those* of the 
phenoxy compounds, beiiif^ toxic to cereals at concentrations which do not 
harm such plants as sufijar-beet and charlock(14). 


Materials available 

Dow Weexl-kiUer . — This is apparently a mixture of 2 : 4-di(dilorophen- 
oxyacetic acid and sodium bicarbonate. The powder dissolves in warm water 
with effervescence. It contains about 70 per cent, of the active chemical. 

Methosone (JO per cent. Solution )^ — This is a solution of the sodium salt 
of 4-chloro-2-niethylphenoxyacetic acid. 

WeedoHC . — 2 : 4-dichlorophenoxyacetic acid, 9*6 per cent, by weight 
(about 9*2 per cent. W V), dissolved in some emulsifying oil. 

Methoj'one Dust . — 1 jier cent, of 4-chloro-2-methyl]>henoxyHcetic acid 

with china clay diluent. 

Experimental 
Persistence in Soil 

Ibistenli/ed soil in two seed-boxes (22 in. X 11 in. x 2J in. high) was 
sprayed on 9th August, 1945, with 34 ml. (box .\) and 77 ml. (box 14) of a 
solution of 0*7 14 per cent, of Dow weed-killer. This is equivalent to about 
10 lb. and 22 lb, resfiectively of active chemi(‘al jier acre. These strengths 
are several times greater than the strongest used in field trials. The soil in 
each box was thoroughly mixed, and then sown at intervals between 20th 
.August and 24th September, 1945, with radish-seeti, this plant b(*ing very 
sensitive to the chemical. In box A one plant of the sowing on 2Sth .August, 
though affected, recovered sufficiently to bulb, but it was not until the 
sowing on ilth Septemlier that the ])lants ajipeared normal. In box H 
normal germination and growth did not occur b(*fore the row sown on 19th 
September. Of the earlier sowings, many seeds failed to germinate at all. 
Some g(*rminated to form very abnormal jdants with swollen hypocotyls and 
other abnormalities, a few coming up upside down. A few germinated 
about a month after sowing, to form apparently normal plants. Some 
grass-seeds (probably rye-grass) germinated early in the trial m both boxes, 
but soon died. Towards the end of the trial several grass seedlings, as well 
as clover and other weeds, came uj) and were growing normally. Some 
worms remainetl alive and healthy throughout the experiment. 


Californian Thistle (Cirsium arvense) 

Preliminary Trial . — On the 18th October, 1945, two })lots each of I square 
rod were marked off in a jiatch of Californian thistle growing m pasture 
and were sprayed with Dow weed-killer at strengths of 0*071 |)(*r cent, and 
0*286 per cent, of powder respectively, using 1 J gallons per plot and a rather 
coarse nozzle, the applications being e(|uivalent to 1 lb. and 4 lb. respectively 
of active chemical per acre. Other species present were rye-grass {Lolium), 
white clover (Trifolium refens), daisies (Beilis perennis), catsear 
(Hypochoeris radicata), Plantago landmhiia, cocksfoot (Dactyl is glome rata), 
Yorkshire fog (Holeus lanatus), and other grasses. 
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A fortnight later the thistles were much affected, especially with the 
stronger spraying, the leaves being much deformed and yellowed. In tjie 
stronger plot the daisies were yellowed and sickly looking and the plantain 
much deformed. 

A month after spraying, the thistles in the weaker spraying were further 
deformed, with the bases of the stems abnormally thickened and the tops 
yellowed and without flowers. Some shoots had died. In the stronger 
plot nearly all the shoots were dead or dying. Plantago lanceolata was 
largely killed out and daisies much reduced. The grasses were unaffected. 
The clover was still present, though somewhat reduced in quantity. The 
catsear was not greatly affected. 

In the weaker plot, two months after spraying, many tops of the thistles 
Vere dead and others swollen at the base and yellowed. Regeneration was 
starting in places distant from the old shoots, the shoots being smaller and 
weaker than the original ones. In the stronger spraying all the original 
tops were dead, but some regeneration was occurring. The catsear jdants 
had a number of peculiarly lobed and forked leaves. 

The plot with stronger spray was sprayed again on 6th February, 1946, 
using 1*1 gallons of 0*25 per cent. Dow weed-killer (equivalent to 3*1 lb. of 
active chemical per acre) and a finer nozzle. 

Two and a half months later only three very weak shoots of Californian 
thistle were found in the plot. There was a complete kill of daisy, catsear, 
and PlarUago lanceolata. Two small yjlants of Ranunculus refcns (probably 
seedlings) were seen. Clover was reduced, considerably, but still pr(*sent 
throughout. The grasses were unaffected. 

Second Trial— On the 4th December, 1945, plots of 1 square rod were 
laid out in an area of pasture carrying a dense stand of Californian thistle. 
Each plot was sprayed with 1*1 gallons of liquid, using a fine nozzle. The 
following sprayings were carried out : — 


Plot. 

Strenstth of Spray Solution. 

Kqui\alent Quantity 
(»f Arthe (’hemiral 
IKT A(TP. 

A 

0-125' per (jent. of Dow weed-killer 

lb. 

i-r>.5 

B 

0-126 per cent, of Dow weed-killer phis 0-025 per cent, of 

1-55 

C 

aerosol T (10 per cent, solution) to act as a wetting and 
spreading agent 

0-26 per cent, of Dow weed-killer ‘ . . 

:m 

T> 

0-5 per cent, of Dow weed-killer 

6-2 

E 

0*1 per cent, of Methoxone 

1-75 

F 

0-2 per cent, of Methoxone 

3-52 


The pasture was predominantly rye-grass and white clover with a few 
other grasses present. At the time of spraying the thistles were at the 
stage of early bud development. 

On the 18th December a further plot was sprayed with Weedone at a 
strength of 1 part of Weedone to 60 parts of water (equivalent to 2*7 lb. of 
active chemical per acre). 

On the 11th December all the tops of the thistles were bent over. In 
the Methoxone plots there was a burning effect on the leaves, turning them 
a grey colour. 
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Five weeks after spraying most of the shoots of the thistles in all plots 
were dead, though a few were still green at the base. There was not much 
<liiference between the plots, and the aerosol showed no noticeable effect. 
The most complete kill of the tops was in plot D. Clover was still present 
in all the plots, though reduced in quantity in the stronger sprayings. 
Regeneration of the thistles started a few weeks later, small shoots appearing 
in all plots, but rather more showing in the weaker sprayings. 

All plots were sprayed again on the 20th February, 1946, using the same 
strengths of solutions as before. All the young shoots were killed within 
three weeks. 

At the beginning of March the soil >vas examined for live roots. Tt was 
found that most of the original vertical shoots were comjdetely killed. 
Some of the horizontal roots still remained, however, though, judging from 
the number present in adjacent unsprayed areas, many had been kill<*d and 
had largely rotted away. 

By 9th April regeneration had again occurred in all plots, though rather 
sparsely in plot D. Clover was still present, but further reduced in quantity. 

The plots were sprayed for the third time on 17th Ajiril, 1946. At the 
same time a jirelimiriarv trial of Methoxone dust was started, a jilot of half 
a square rod being dusted with 10 oz. of the 1 per cent, dust (equivalent to 
2 lb. of Methoxone per acre). The thistles in this ])lot w’en* at the rosette 
stage, the earlier grow^th having matured and died dow^n. 

A fortnight later all the leaves of the thistles in the dust and spray plots 
wen‘ yellowed and distorted. Rome shoots had l>e(*n eaten off by sheep. 
No new shoots appeared before the w’inter. 


Conrolnihis atul other Weeds 

First TrioL—Ow 25th October, 1945, a trial spraying was carried out 
on some convolvulus (Cahfstegia sepium), buttercuj) (Rauuneulus reperis), 
wuld turnip (Brassiea cam pest ris), and other w^eeds m rough grass, using 
about 2 gallons of 0*()7 per cent. Dow w’eed-killer per square rod (equivalent 
to 1*6 lb. of 2,4- D per acre) and a coar.se nozzle. Owing to the coarseness 
of the s}>ray, .some of the jilants did not receive much of the solution, 
e.specially those partly jirotected by the grass. The main gras.ses were 
cocksfoot and prairie-grass (Bromus eatharticas)^ and other plants present 
were couch-grass {Agroptfron repeos), docks (Rumex spj).), periwinkle 
(r?/f(*a major), and cleavers (Galium apariue). 

One week after spraying, the convolvulus and docks wen* greatly curled 
up and distorted, and buttercu}) leaves twisted and discoloured. The leaf 
bases of the wild turnip were greatly .sw ollen and the growing ])oints apjx'ared 
to have aViorted, though at that stage the leaves were still green. 

Two wrecks after spraying, the wild turni]) and top growih of convolvulus 
w’ere mainly dying, though there was some recovery, probably due to 
incomplete cover by the spray. Many of the docks appeared to be recovering, 
the periwinkle and cleavers had completely recovered from the very slight 
distortions they had shown, and the grasses showed no effects. The sjiray 
used appears to have been too weak. 
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Second Trial , — On 19th November, 1945, comparative sprayings were 
made with 0*5 per cent. Dow weed-killer and 0*4 per cent. Methoxone on 
an area of convolvulus, buttercups, and wild turnips with the rough grass 
removed, and also on convolvulus, Californian thistle, and periwinkle growing 
in rough grass. A fine nozzle was used and the solutions applied at about 
IJ gallons per square rod. This is equivalent to an application of about 
7 lb. of 2,4~D and 8 lb, of Methoxone per acre. 

The Methoxone had a quicker initial effect, causing grey or bleached 
patches in the leaves of Californian thistle and wild turnip. However, the 
final effects of the two sprays appeared much the same. Wild turni}> and 
all the above-ground parts of the convolvulus were killed and the buttercuj) 
much checked. Later it was found that all the rootstocks of the buttercup 
were rotten. Sheep let into the rough grass area about a fortnight after 
spraying ate all the sprayed shoots of Californian thistle and convolvulus, 
and also one large dock which was in one of the areas sprayed. 

The periwinkle was hardly checked at all in growth. Some self-sown 
potatoes received a temporary check, but recovered and produced a crop 
of tubers. 

On later digging up the convolvulus the greater proportion of the 
rhizomes were found to have been killed, but live pieces remained at places 
distant from the sprayed shoots, and these were capable (in both sprayings) 
of regenerating shoots when placed in sand. 

Third Trial, —On 22nd February, 194fi, convolvulus along a fence-lim* 
was sprayed with Methoxone 0*1 per cent, and 0*2 per cent., Dow weed- 
killer 0*125 per cent, and 0*25 per cent., and Weedone 1 part to 100 parts 
of water and 1 part to 60 parts, sufficient spray being used in each case to 
cover the foliage. The convolvulus at this stage had completed most of 
its active growth and was in full flower. 

Deformations first appeared with the Methoxone sprayings, but within 
a month the top growth was dead in all treatments. No new shoots had 
appeared by the end of May. However, live rhizomes were found when 
the ground along the fence-line was dug. 

Convolvvlus in Shrubn. In order to test whether convolvulus could be 
killed when growing in shrubs without killing the shrubs, several shrubs 
well covered with convolvulus were sprayed on 20th December, 1945, with 
0*5' per cent, of Dow weed-killer and with 0*4 per cent. Methoxone. 

All the top growth of the convolvulus was killed and no regetieratioii 
occurred within four months, but during May a few weak shoots appeared, 
mainly towards the edge of the sprayed areas. Of the shrubs, broadleaf 
(Griselinia littoralis) and Escallonia were unaffected. The shoots of a 
species of Buddkia which had been sprayed were killed, so the plant might 
have died had the whole of it been sprayed. The outer twigs of Lonmra 
nitida, Myrtus oheordata, and a flowering currant {Ribes mn^uineum) were 
killed, but by April the plants were shooting again from below. 

Dust Ajyplication,- 'On 17th April, 1946, Methoxone dust was applied to 
convolvulus growing in a fence-line and to adjacent ground on which was 
growing Plantago major, dandelions, cleavers, Barharea sp. (cress), young 
plants of Ranunculus repens, many seedling docks, and white clover, as 
well as a number of grasses. The application was made with a hand duster at 
a rate equivalent to about 2 lb. of Methoxone per acre, and there was no 
wind to cause drift of the dust. All species except the convolvulus were 
growing actively at the time of application. 
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The top j^rowth of the convolvulus was soon yellowed and was all dead 
within three we(‘ks. A month after spraying, all seedling docks and plants 
of PluHtago major wen* dead dandelion and Ranunruhis re pens mostly dead. 
Most of the old leaves of the cress were killed, while some young leaves 
which had appeared, subsequently died. The clover was little affected, 
and the cleavers and grasses quite unharmed. 

Nasturtium palustre . — This cress is a perennial and shoots persistently 
from the root when hoed off, being most difficult to (eradicate. On 24tli 
October, 1945, a preliminary trial was made on a small area using a spray 
of 0*07 per cent, of Dow weed-killer. All the terminal shoots and most of 
the leaves were killed, but within six weeks healthy shoots had again 
appeared from the lower parts of the stems and the roots. 

On 9th November, 1945, a further spraying trial was made on another 
area using Dow weed-killer of strengths from 0*125 j)er cent, to 0*5 per cent, 
with and without aerosol. 

Within three weeks all the terminal shoots were killed in all plots and 
all the leaves also in the stronger sjirayings, though in all plots some of the 
bases of the stems remained green. Aerosol had no noticeable effect. No 
new shoots appeared within tw'o months, but after this the jilants in all 
plots began to shoot again. 

On 21st Februarv, 1946, all jilants were sprayed again, this time with 

per cent, ^lethoxone. All above-ground jiarts of the plants were killed 
and no regeneration had occurred by the end of May. Thus it seemed 
probable that th(* jilants were then dead, as thev normally remain leafy 
throughout the winter. 

In another area, which was spraved on 18th December with 0*5 per cent, 
of Dow weed-killer after some scrd had set, all the leaves and buds were 
killed but the stems remained green, and that seed which had set appeared 
to be ripening normally when the tops were pulled up and burnt. 

Blark’berrjf f'Rubus fruticosus rar.). - On 2()th Januarv, 1946, two bushes 
were selected, one lieing sprayed with 0*5 ])er cent. Dow weed-killer and 
the other slashed back with the idea of later spraving the voung shoots. 

One nuinth later the sprayed bush was not much affected, except for a 
few young shoots which had been killed at the tips and were much deformed. 
The slashed bush had grown new .shoots 3 in. to 1 ft. in length, each with 
several fully expanded leaves. lh)th bushes wen* sprayed again with 
0*5 per cent. Dow weed-killer. 

Six weeks later the plants were again examined. Most of the leaves 
had been killed on the bush not slashed, but the .stems were still alive. On 
the other bush all the young shoots had been killed, though a few others 
had later appeared. However, two roots were jmlled up, and it w^as found 
that, although the plants had a few young growing shoots, the main root 
had in each ease died and was rotting, only some fine lateral roots still l>eing 
alive. 

At the end of Mav the tops of most of the stems of the bush not slashed 
were dead, but the bases of the .stems were all still alive and several new 
shoots were appearing. More than half the roots of the slashed bush w’ere 
dead, but there were a few healthy .shoots on the other roots. Thus a single 
spraying of the slashed bush had had considerably more eflect than two 
sprayings of the one not slashed. 
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Other Weeds . small patch of bracken (Pteridium. esculent am) and one 
plant of hard fern (Paesia sraberula) were sprayed on t^e 20th January^ 
1946, with 0*5 per cent. Dow weed-killer. In both plants the fully mature 
leaves were unaffected, but the immature leaves of both were considerably 
twisted a fortnight after spraying, and in the case of hard fern all the 
..growing rhizomes were killed. No new fronds had appeared on either plant 
by the end of May. 

A bulb- forming species of Omlis was sprayed with a solution of 0*5 per 
cent, of Dow weed-killer, but the bulbs did not appear to be greatly affected 
and a new crop of leaves appeared within six weeks. 


Discussion 

From reports and testa to date, these new weed-killers have b(»en shown 
to have several useful qualities. 

They are very selective in action, killing many plants completely, while 
others, notably grasses, are quite unharrneci. 

They are comparatively slow in action, and this, added to the fact tliat 
the substances are conducted considerable distances through plants(ir))^ 
leads to their killing the underground parts of some perennial weeds as well 
as the top8(7). 

The trial here confirmed the finding of Nutman, Thornton, and Quastel(2) 
that the toxicity of 2 : 4-dichlorophenoxyacetic acid is destroyed in less than 
two months in unsterilized soil, even when a very high rate of application 
is used. The compounds are thus unlikely 1o poison the soil. 

The compounds are non-corrosive to s}>ray equipment. However, 
thorough washing is needed to remove all residues from the equipment if 
it is required for other purposes. 

The compounds are apparently non-toxic to men and animals, and 
^probably also to soil micro-organisms. Stevenson and Mitchell(16) found 
that 0*02 per cent, of 2,4-D checked, and O-OH per cent, prevented, growth 
of various bacteria, but such concentrations would not occnir in the soil 
solution after spraying at strengths now used. No effects were observed on 

two fungi which were tested. The fact that the underground parts of plants 
killed by the compounds are quickly decomposed indicates that soil micro- 
organisms are probably not adversely affected by them. 

According to most reports, the ett'eetiveness of the sprays is not reduced 
by rain soon after application, especially if Carbowax is used as a carrier(8). 
However, in one report(17) it is stated that heavy rain within twenty-four 
hours considerably reduces the effectiveness of aqueous sprays. No definite 
conclusion has yet been obtained here on this point. 

The acids themselves are not soluble in water, and for sprays they need 
to be made soluble, either by use in the form of soluble salts (the sodium, 
potassium, ammonium, and calcium salts are. soluble) or by means of a 
water-soluble or emulsifying carrier. So far no definite differences in final 
effectiveness ha\^ been ajijiarent between the preparations tried, though 
Methoxone shows initial effects more quickly with some burning of the 
foliage. For practical purposes the main factor determining which pre- 
parations are best will be the retail price in New Zealand, and little 
information on this is yet available. Carbowax is stated to increase the 
effectiveness of 2,4-D, but it will also considerably increase the price of the 
product. 
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In ^jfpneral, plants are more susceptible to the compounds when they are 
growinff actively. A higher temperature at and after the time of application 
usually results in a quicker and more complete kill(7, 8). Marth and 
Davis(18) studied the role of temperature and found, using several weeds 
common in temperate climates, that quickest death occurred when the 
temperature was between about 65"^ F. and 80^ F. Plants kept at a 
temperature between 32'' p. and 40° f., where there was little oi no growth, 
were much slower to show effects when sprayed, apparently surviving in 
many cases. How(‘ver, if they were later subjected to higher temperatures, 
which should normally cause renewed growth, they showed the typical 
distortions due to the weed-killer and soon died. A field trial on Plant cufo 
Imiceohfa confirmed this finding plants sprayed during the winter when the 
ground was frozen died the following spring. It appears from this that the 
plants absorb the clnMuical at the lower temperature and retain it in their 
tissues in sufficient quantities to cause death when active metabolism is 
again possible. 

-Applications of the weed-killers are best made at warm temperatures 
when growth is vigorous and the soil moist. However, it is important that 
the plants, to be encouraged, should be at a stage where they can quicklv 
fill the gaps caused by the death of the weeds, thus not allowing further 
weed seeds to germinate. 

Tukey, Haniner, and Tmhofe(12), working with Convolvuluft arvetisi.s 
and arvensts, found that 2,4-1) stimulated the plants to abnormal 

cell division and growth in the stems, rhizomes, and roots, such growth 
causing the disorganization of the tissues. Reserves of starch and otlnu* 
avails i»l(‘ carbohydrates were greatly depleted in all the storage tissues of 
the plants(l2, 13). This depletion of the food reserves and the disorganization 
of the metabolism <*f the plants is presumably the cause of death. Depletion 
of food r(»serves is an important factor in the control of weeds. In the cases 
where the weeds sprayed, though affected, are able to recover, this depletion 
of reserves must result in their being weakened and thus more rapidly kilk*d 
bv further ajiplications. 

From trials here it does not appear possible to kill out Californian thistle 

growinji in pasture by a single application of any of the preparations tried. 
However, the remaining roots must be weakened by the treatment, and 
several successive applications should result in the eradication of the weed. 
There is some New Zealand evidence to suggest that it is easier to kill 
Californian thistle in ploughed areas, where the roots are cut into shorter 
lengths, provided that all roots are bearing above-ground shoots at the time 
of application. 

Xasturtinm palusfre and Calystegia apjiear to be easier to kill, 

but with these also repeat sprays may be necessary for complete eradication 
where the plants are well established. It may be possilih* to eradicate 
convolvulus when growing over shrubs without permanently harming the 
shrubs. The sprays used were about four times stronger than needed to 
kill all the top growth of the convolvulus. It is likely that some shrubs 
will prove to be too sensitive for such treatment. 

Many woody plants are checked but not normally killed by weed-killers. 
Among these are included several noxious weeds, whi(*h readily shoot again 
from the roots when cut back. It may be possible to control such weeds by 
first stimulating them to active growth by cutting back or burning off the 
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top growth, and then spraying the young shoots as soon as they have 
sufficient leaf surface to absorb the spray. Blackberry shows j^romise 
of control by this means, though further trials are needed. 

Dusts have the advantage over sprays of being lighter to carry. Also, 
they can be applied through the equipment used for distributing fertilizers, 
which is normally already available on farms. However, it is not possible to 
distribute them as evenly as sprays, and also they do not readily adhere 
to the foliage unless it is damp. However, the addition of hygroscopic 
agents as suggested by Marth, Davis, and Mitchell(l()) may help in getting 
over this latter difficulty, and should decrease to some extent the danger 
of drift. Further trials are necessary before the general ap])iicability of 
dusts can be determined. 

Hamner, Moulton, and Tukcy(ll) suggest that the weed-killers may be 
useful in the control of germiiiating weed seeds in composts. In trials it 
was found that treatment at the rate of 10 parts of 2,4-D per 1,()00,00(' of 
compost was sufficient to prevent the germination of most weed sccmIs. 

Apart from the bents, all grasses so far tried have been found to K>e 
resistant. The bent grasses are somewhat susceptible, but capable of 
complete recovery. All members of the Cruciferse so far tried hav(* been 
found susceptible, most of them being readily killed. Apart from these 
cases, there is little correlation between the botanical relationships of plants 
and their susceptibility to the compounds. 

The following list of weeds commonly occurring in New’ Zealand have* 
been found in trials to be killed by Methoxone or some 2,4-D pre})aration, 
those marked * being from overseas reports : Ranunculus re pens, Brassmi 
eampesiris (wild turnip), *Simpsis ari^nsis (charlock), Capsella hursa- 
pastoris (shepherd’s purse), Barharea sp. (cress), ^Lepidium nrpinicinn 
(pepper-grass), *Er()phila vulgaris (Whitlow grass), Coranopus didipnus 
(hog-cress), "^Amaranihus retrojlexus (redroot), ^Anmranlhus spj>., *Malva 
ToiundifoUa (dwarf mallow), *Pofentilh sj). (cinquefoil), Lujnnns arhorens — 
young plants, Daucus carota (wild carrot), Conium macuhitum (lumilock), 
Foenicuhim imlgare (fennel), ^Hydrocotgle spp., Beilis j^erennis (daisy), 
*Erigeron eanade/nsis (Canadian fleabane), "^Artemisia sp. (wormwood), 
* Arctium sp. (burdock), *Centaurea solstiiialis (Yellow^ star thistle), 
Carduus nutans (nodding thistle), Carduus tenuijlorus (w’ing(Ml thistle), 
Cirsium lanceolatufn (Scotch thistle), Hy]X)choeris radicata (catsear). Taraxa- 
cum officinale (dandelion), '^Sonchus arvensis (perennial sow’ thistle), 
Sonchus oleraceus (sow thistle), Plantago major (greater plantain), Planiago 
lanceolata (rib-grass), ^Convolvulus arwnsis, Calystegia sefrium, Calystegia 
tugoriorum, ^Dichondra re pens, * Veronica iournefortii, '‘^Veronica arvensis 
(field speedwell). Prunella vulgaris (self heal), and *Lamium amplexicaule 
(henbit). 

Plants which, though affected, are normally able to recovt»r from one 
application, include : Rumes acctoselUi (sheep sorrel), Rumex spp. (docks), 
^Polygonum perspicaria (lady’s thumb), "^Spergula arvensis (spurrey). 
Nasturtium palustre, Achillea millefolium (yarrow), ^Chrysanthemum leumn* 
themum (ox-eye daisy), Cirsium arvense (Californian thistle), *Portulaca 
oleracea (purslane), and Trifolium repens, 

Besistant species include the grasses, Vinca major (periwinkle), Galium 
aparine (cleavers), Viola spp., Solanum tuberosum (potato), and others. 

There is disagreement between different workers in some cases. For 
instance, Chenopodium alburn^ Polygonum aviculare, and Oxalis spj). are 
given by some workers as being resistant, and others as being susceptible, 
Stellaria media (chickweed) and Cerastium sp. (mouse-eared chickweed) 
have been reported(8) as being susceptible, but in trials here they have 
been found resistant. 
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Woody jdants are in general more resistant than herbs, but some such 
as Rvhm spp., Willows (Salix spp.) and Rohinia jmudoacmia have been 
found overseas to be killed by the sprays. Young trees are more sensitive 
than older ones of the same sjiecies. 
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STUDIES ON SOME NEW ZEALAND ROMNEY 
MARSH STUD FLOCKS 

By H. Goot, Fleece Testing and Flock Recording Department, Massey 
Agricultural College, University of New Zealand, Palmerston North, New 
Zealand. 

\Ner fired for jmhliMtioa, 28th March, 1946^ 

PART I.— GENER4L INTRODUCTION 
Summary 

A general description of the stud flocks (size and management) and the 
stud farms (meteorological data, soils, and pastures) on which moat f)f these 
studies are based is given. 


Introduction 

The purpose of the })resent studies of certain New Zealand Romney Marsh 
stud flocks is to present some data jiertaining to reproductivity, fecundity, 
and productivity of stud sheep kept under commercial stud conditions. 
In addition, it is hoped that these studies may also be helpful in indicating 
the general trends in the breeding policies of Romney studs, as well as various 
breeding problems, and their relative claims, for further investigations. 
Lastly, the opportunity for scrutinizing the method of recording/adoj)ted 
by the Fleece-testing Department has not been overlooked. 

In studies of this type it is rather difficult to decide on the method of 
presentatiop. The information on some problems is much fuller than on 
others, and, again, the records of some items are much more carefully kept 
in one year or in one stud flock than in others. Accordingly, it has been 
necessary on some occasions to rely chiefly on information collected from a 
single stud or covering one year only, and to treat some problems less fully 
than their actual importance merits. Consequently, some of the results 
are preser ted with more confidence than others. 


Material and Methods 
The Size of Stud Flocks 

The study is based on two commercial stud flocks, which will be called 
A and B. Occasionally references will be made to stud C. Stud A consisted 
up to 1941 of approximately 1,500 breeding-ewes. In 1942, however, the 
stud was reduced to approximately 1,0(X) breeding-ewes. Studs B and C 
comprised approximately 400 and 200 breeding-ewes respectively. 

It is of interest to note that flocks ranging in numbers from 201 to 500 
and from 501 to 1,000 comprise respectively 22*7 per cent, and 23*6 per cent, 
of all the flocks in this country (N.Z, Agr. & Pastoral Statistics, 1943-44). 


Managetnent 

The sheep were kept under conditions typical of those prevailing on the 
flat country in the Manawatu district. The following gives a general idea 
of the salient points of the stud-farm routine as observed on the above 
farms. 
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The breeding season begins in March, when the rams are put out to their 
respective paddocks, from which they are taken out sometime in May. 
Prior to the breeding season the ewes are sorted out, the unwanted ones 
culled, and the rest allotted, mostly on appearance, performance, and 
pedigree, to the rams. Studs A and B do not practise any deliberate flushing 
i)f ewes. A big proportion of ewes in stud B and some in stud C were hand- 
served.* No su})j>lementary feeding of in-lamb ewes was normally practised. 
The lambing season begins in August and continues till October, the lambs 
being docked about a fortnight after birth and tagged with brass ear-tag» 
4*ither at docking or shortly after birth (stud C). They are weaned usually 
late in December either on to special crops, with an adequate grass run-off 
which has been heavily grazed by cattle, or on to specially prej)ared grass 
jiaddocks. Generally the ram hogget (especially the “ tops ") are taken 
to dairy-farms and run there until the end of July or August, or, alternatively, 
the ram hoggets (and often the ewe hoggets) go on to choii moellier or swedes 
lir^t and on to grass padd(»cks later. 

Th(‘ ram hoggets are shorn early in August, while the ewe hoggets are 
usually shorn in September or October. The fleece weights of all sheep 
are always recorded. The hoggets' wool is described })rior to shearing and 
thf‘ir conformation is described after shearing. At that tim(‘ the (*W(* hoggets 
are also sire grouped. 


Metrorolckjk’al Data 

The rainfall and temperature data, based on observations made over the 
past thirteen years by the Massey College an 1 Plant Research Bureau 
meteorological station, wen* (‘om})iled by Fife (1945). The average rainfall 
was 38 in., varying from 32 in. to 51 in. The number of wet days varied 
from 150 to 190 per annum. The mean temjierature was 55 v, and the 
nran maximum temjierature t>2' f. 


Soils 

The following is the general description of the soil tyjies a> classified 
by the Soil Survey Division (Grange, 1945) : Farms A and B. mostly 
located on “ Kairanga silt loam, a recent soil derived from alluvium under 
a kahikatea, matai, rata forest. It occurs on flit slojies, and a common 
profile is 6-12 in. grey heavy silt loam on clay loam mottled grey and brown. 

* The following is the outline of the general techni(|ue : a “ teaser ** (a 
vasectomized ram) is used for finding out the ewes on heat. On the aierage. one teaser, 
which stays with the ewes all the time, is sufficient for a mob of fifty ewes. He is raddled, 
the colours, yellow, blue, and red, being changed every ten days. 'Phe ewes marke^l by 
the “ teaser ” at night or after 3-4 p.m. are brought early in tlie morning and again in 
the lat<* afternoon to the sire to be hand-served. A very fit ram can tu]) three ewes within 
t^n to fifteen minutes. Then the interval increases to from ten, to thirty minutes. 

Sometimes a ewe, if still on heat, is tupped again in the evening and following morning. 
The rams during the period of hand-ser\ ice, or. if out of condition, a month or two prior 
to it, receive about a pound per day of supplements consisting of oats, maize, bran, and 
linseed cake or^peas. 
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The fertility is high to very high.” The C farm is mostly located on 
“ Tokomaru silt loam, a yellowish-grey loam derived from alluvium under 
a podocarp forest. It is found as gently sloping terraces.” The profile 
has been described by Fife (1945). The fertility is moderate to high. 

Pastures 

The pastures described by Goot (1945), in general, hold true for these 
farms— viz., dominant rye-grass and white-clover pastures which are to})- 
dressed, when necessary, with superphosphate and lime at the rate of 2 cwt. 
of super and up to 1 ton of lime per acre. 

Although the carrying capacity of these pastures is high, amounting 
to, say, five to six ewes per acre, this is not fully utilized, as the stud sheej* 
are usually understocked and not more than three to four ewes per acre 
are carried. 


Records 

The material on which these studies are based falls mainly under three 
headings : — 

(1) Records kept by this department for studs A and B. 

(2) Some additional private records kept by the studmaster of stud B. 

(3) Records kept by a sheep-farm manager for stud C. 

The main records were kept in the form of index cards as described by 
Waters (1939). In addition, the mating lists, the annual lists of docked lambs, 
and other records kept as routine procedure proved to be of great v’^alue. 

With regard to the records kept by this department, it should be pointed 
out that the co-operation between the breeders and the departmental staff 
was very close. Nearly all the information was collected in the field, the 
staff participating in all the major stud operations, such as selection of 
breeding-ewes, putting out the ewes to the rams, “ boxing,” docking and 
tagging, description of hogget wool and conformation of two-tooth, culling, 
shearing, &c. Other information, especially on deaths, accidents, &c., was 
entered into the index cards periodically as it was received from the stud- 
masters. Such information is not always full and exact, but when sheep 
have disa}>peared from the stud without any record it has been possible, 
at least, to fix the time of their disappearance, and they are referred to as 
“ missing ” sheep. 

The additional private records of stud B are mostly confined to hand 
service and occasionally to lambing dates. They were well and meticulously 
kept by a particularly keen and progressive studmaster. 
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PART 11.— AGE COMPOSITION OF STUD SHEEP 
Summary 

(]) The composition t»f sheep in studs' static in numbers is analysed, and 
some conelnsions jK'rtainin^ to leproduction, breeding policy, and progeny-testing 
are drawn. 

(2) The mean age of breeding-ewes at mating is three years four montlis, 
the mode falls within the two-tooth (one and a half years old) class, and the 
average productive lifetime is four \ears. The mean annual replacement rati* 
IS just over 2H ])er cent. 'Phese figures are believed to be fairly represen tati\ e 
for studs static in numbers in this country. 

(3) The mean age of rams at mating is three years t^%(> and a half months, 
anil the inoile again falls within the tuo-tooth group. The average lifetime 
is approximately four years, anil the rate of replacement is approximate! \ 
tiO per cent. In studs where prf)gen> -testing is practised, tin* mean age and 
lu-oiluctive lifetime are lower and replacement rate is higher. 

(4) Analysis of the age composition of rams in studs where progeny-testing 
is known to be practised, and in other studs static in numliers, revealed that 
the use of progeny -test mg in this country is .still in an experimental stage. 

(5) 'ITie mode aiul the mean number of ewes per sin* in paddock matiiiir 
are .lO and 47-fi respectively. 'I'Im* age of rams, except hogget.s, seems to be 
of minor importance in apportionment of ewes. 


Introduction 

The 6i)ok conipo.sition, and jiarticularly the proportion of l)n*e(liiig-ewes 
falling into different age groups, has received little attention in studies 
on ^heep. Apart from the significance of age. especially m reproduction 
and multiple hirth, which has long been recognized, there is ample scope 
for inquiry into the various characteristics of .sheep breeds and husbandry 
under similar and or dissimilar environmental conditions. Moreover, the 
knowledge of age composition of a fiock would not only facilitate com- 
parisions within and between breeds of sheep, but would also throw, as it 
5^ hojied to show later, considerable light on questivm.^ which it is convenient 
to group under the general terms of reproduction, production, and 
iiiijirowment. 


Aoe of Bkeedino-ewes 

In order to determine the age composition of breeding-ew’es in New 
Zealand Romney stud flocks, the data available in thi* department (.see 
Part I), w’ere analysed. Soon, however, it became evident that 
not only tlie increase or decrease m flock numbers, but also the breeding 
])olicy and practice such as hand'service, could markedly alter the 
proportion of ew^es falling into different age groups. As studs B and C are 
expanding in .sheep numbers, and as in both hand-service is practised, it 
was decided to base the calculation on stud A only. 

The data which are given in Table 1 show the number and the percentage 
•of ewes according to their ages in a stud wdiich has been stationary in 
numbers for several years. These data w^ere extracted from index cards 
and lists of dams at mating — viz., in March of each year— and they do not 
include those ewTs which w’ere sold as in -lamb ew’es or bought in. The 
number of such ew’es is very small. In 1942 the stud wtis reduced by 
a])j)roximately one-third. In spite of this, the average projiortion of ages 
as shown in the last tw^o columns in Table I does not seem to have changed 
very much. 
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Table 11, which is based on the last column in Table I, gives the average 
proportion of ages per one hundred breeding-ewes in a stationary ” stud 
flock. Note, firstly, the gradual falling off in numbers of breeding-ewes 
as their ages increase (Fig. 1), and secondly, as corollary to the first, th(‘ 
predominance of younger ewes in the flock. In this example the stud flock 
consists at mating-time of over 50 per cent, of ewes not older than four- 
tooth (two and a half years), over 81 j)er cent, of ewes not older that four and 
a half years, and nearly 97 per cent, of ewes not older than six and a half 
years, on the average. 



Fk;. I.' Showing iKMcentaj^e ajre-tiistrilmtioii of breeding-ewes. 


Tarlk II. — Avkraok Aoe Composition' of Brkkdimj-ewes in a New Zealano 
Romney Marsh Stvo Flock .static in Nimrers (based on Sti’J) A) 


IVr loo 





Number. 

Tnt »»1. 

Two-tooth 



28-4 

28-4 

Four- tooth 



22 3 

O0-7 

Six -tooth 



17-3 

08 • 0 

Full- mouth 



13-4 ’ 

81-4 

years 


• • j 

10*0 

91-4 

(1^ years 



r> 2 

9tv0 

7 J years and over 



3-4 

1(M)0 

Total . . 



1(H)0 
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The average age of breeding-ewes is three years four months at luating- 
time, or approximately three years nine months at lambing-time. The 
latter figure is lower than that given by Lush (1938) — viz., four to four 
and a half years. 

The figures in Tables 1 and II have also been used to calculate the 
average productive life of ewes in stud A (static in numbers). This was 
found to be four years. 

It would be of considerable interest to know how represeutativ'e those 
figures are. At present there is no way of finding out, although some 
indication can be gleaned from flock- books. With this end in view, figures 
published annually in the “N.Z. Komney Marsh Flock-book” (1942, 
1943, and 1944) were analysed, and the results summarized in Table III. 


Table III. — Proportion of Two-tooth Ewes (or Replacement Rate) in New 
Zealand Romney Marsh Stcd Flocks static in Ncmbers 




UU'i. 

idtlil. 

Numl:)er of stud flocks . . 

-la 

43 

i 86 

Number of ewes retained from previous year 

Number of two-tooth ewes added to the stud flocks 

22,01S 

22,301 

8.669 

44.319 
■ 17.33() 

Total number of breeding-ewes . . 

30,679 

30,970 

1 61,649 

Average size of stud flocks 

Range in size of stud flocks 

713-5 

720-2 

71U-3 

3S9-1.342 

Two-tooths added (or replacement raU*), (per cent.) — 
Mean 

standard deviation . . 

Standard error 

Range 

2S 23 

! 

! 

27-99 ! 

1 

281 
5-22 
0-.56 
17 -9^43- 7 


These data are basinl on all Romney Marsh stud flocks (ranging m size from 
40() to 1,3C)0 ewes) which were static in numbers for three consecutive 
years, and rejiresent one-fifth of all the breeding-ew(*s in Romney .Marsh 
studs (N.Z, Agr, d Pastoral Statistics, 1943 44). The mean proportion of 
two-tooth ewes in these stud flocks is 28-1 per cent., which is in very close 
agreement with the mean pro])ortion of two-tooth ewes in stud A (Tables 1 
4ind II) — namely, 28*4 per cent. This would indicate that the figures in 
Table II are probably fairly representative of the age composition of 
Lreeding-ewes in New Zealand Romney Marsh studs. 

Some other aspects of age will be discussed in subsequent parts of this 
study. 


Age of Breeding -rams 

The age of rams used for breeding seems to be of lesser importance than 
the age of dams. However, the fact that “ the sires are half the flock ” 
fihould not be overlooked, and information concerning their ages might be 
of considerable value in assessing the methods adopted for the improvement 
^f stud sheep in this country. 

The sources of information were the same as those for the breeding-ewes. 
The rams in New Zealand Romney Marsh studs which are static in numbers 
i^epresent about one-seventh of all the registered Romney rams. The average 
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age composition of rams used in stud A in 1941-44 and those kept in 1942-43 
breeding seasons in previously mentioned studs static in numbers are st^t 
out in Table IV. In addition, the table contains similar figures for a stud X 
(1939-43), which is regarded as one of the leading stud flocks in this 
country. 


Table IV . — Avebagb Age Composition of Rams used fob Bkeeding in (i) Stud A 
(1941-44) AND KEPT IN (U) Stud X (1939-43) and in (iii) New Zealand Romney 
Marsh Studs Static in Numbers (1942-43) 


Aup <»f Rams. 


Hoggpts . . 
Two-tooth 
Four-tooth 
Six-tooth 
Full-mouth 
5J years . . 
years . . 

71 years and over 
Total 


1 stud A 

Stud X 

! 

1 Studs Static in 





Niiiiiriert. 

1 0). 

(il). 

1 Oil) 

Num!>er. 

Per Ont. 

Niiiuher. 

Per Cent 

1 

j Number. 

Per ( 'ent . 

2 

20 

22 

20*8 

i 29 

2*0 

37 

37 0 

51 

48*1 

! 404 

27-8 

24 

24*0 

19 

17*9 

1 350 

24 .5 

14 

14*0 

11 

10*4 

. 285 

19*0 

10 

10*0 

3 

2*8 

i 182 

I2*r> 

9 

90 


, , 

* 124 

8*5 

4 

4*0 


, , 

I 43 i 

3*0 

1 


.. 1 


1 30 1 

2*1 

100 

100*0 

! im 

' 

1 100*0 

1,453 

1000 


The average ages at mating were : (i) stud A. 35*3 months : (ii) stud X, 
22*1 months : and (iii) studs static in numbers, 384 months. Some 
allowance should be made in (ii) and (iii) studs for those* rams which 
were registered in flock-books and not bred from but kept as “ reserves." 
Judging from information set out in Table VI as to the jiercentage of rams 
ke])t in studs, as well as the average number of ewes jier ram, it would 
appear tliat the proportion of rams kept as reserves is small. It is therefore 
reasonable to assume that the figures given for those studs (lii) are fairly 
representative of the average ages of rams used for breeding m Romney 
Marsh studs in this country. This being so, it is clear that m*ither A nor, 
especially, X studs are ty])ical in this respect. The differences, as can be 
seen from Table IV and Table V, are mostly due to using and culling higher 
proportions of younger rams. 


Table V. — Average “ Reduction ’* of Rams accordinc, to thkik Ages due to- 
(Bulling, Mortality, etc.; (i) 1941^4; (ii) 1939-43; (iii) 1942-43 



stud A (i). 

stud X (il). 

^tud^ Static in Nuiiiliers 

(III). 

A.;e of l{aiu'(. 

Number. 

Per 

Cent. 

r 

Number. 

Per 

I Cent. 

1 

1 Niinil>er. 

Per 

Cent. 

Two-tooth to four-tooth 

37 - 24=13 

35*1 

51-19-32 

02*7 

404 - 356 -48 

11*9 

Four-tooth to six tooth 

24 -14-= 10 

41*7 

19 - 11-8 

42*1 

.3.56 285 -71 ! 

19*9 

Six-tooth to full-mouth 

14 10 -4 

28-0 

11 -3 -8 

72*7 

28,5 182-103j 

36*1 

Full-mouth to 54 years 

10-9-1 

10*9 

. , 


182- 124 =-58 

31*9 

54 years to 04 yea-rs . . 

9-4-5 

55*5 

, , 


124 43 -81 

65*3 

04 years to 74 years and 
over 



■■ 


43 30 13 

i 

30*2 
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The incidence of registering and presumably using ram hoggets is very 
small. Out of forty-three breeders of stud flocks static in numbers, eight, 
or 19 per cent., registered them in the flock-book. The possibility of the 
progeny-testing of ram hoggets by other stud breeders without registering 
them could probably be ignored, since very few stud breeders claim to be 
progeny-testing their rams. Similarly, only ten stud flocks, or 23 per cent., 
registered seven and a half years and older rams. Indeed, the oldest sires 
kept were seven rams nine and a half years old, six of which were kept in 
one stud. Thus it may be said that roughly 80 per cent, of stud breeders 
use rams which are not younger than one and a half years and not older 
than six and a half years, or approximately 96 per cent, of all rams kept 
for breeding fall within this age group. 

30 r 



Fio. 2. —Showing percentage age-distribution of breeding-rams. 


The average productive lifetime of a stud sire is approximately four 
years and the average rate of replacement is approximately 30 per cent. 

Neglecting, for the sake of comparison, the small proportion of ram 
hoggets, it is clearly seen that the average age composition of rams (see 

also Fig. 2) exhibits a trend very similar to that of breeding-ewes, but with 
a possibly higher concentration of rams up to the age of six-tooth and a 
n>ore pronounced drop after that age. Similarly, neither the average age 
f (J38*4 months versus $ 40 months) nor the average rate of replacement 
(cJ30 per cent, versus $ 28 per cent.) is very different. These figures lead 
to a rather unexpected but important conclusion — namely, that the average 
rate of culling (all other factors being equal) of stud sheep, once they attain 
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the breeding age and enter the stud flock, is very much the? same for both 
sexes. Against this one might say that, whereas on the average everv 
second ewe hogget is selected each year for replacement, one or two rams 
are selected from every hundred ram hoggets. Hence the scope for pre-stud 
selection of rams is comparably greater, resulting in much more careful 
selection of stud sires before they enter the stud flock. This is undoubtedly 
true, but as a general rule the seiection is based on appearance and pedigree. 



The proportion of sons by progeny-tested sires, let alone progeny-tested 
sires themselves, entering stud flocks is insignificant. 

That the breeding method adopted can influence the proportion of rams 
falling into different age groups has been illustrated in Table IV. How the 
age composition of rams can reflect the breeding methods adopted may 
be seen from. Table V and Fig. 3. The table, being based on the previous 
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one, gives the average proportion of rams which “ disappear between two 
consecutive breeding seasons. For instance, out of thirty-seven two-tooth 
rams, only twenty-four reappeared next season as four-tooth, and thirteen 
disappeared. It is quite safe to assume that they were mostly culled, 
although some died, met with accidents, &c. It should be noted that in 
both studs A and X, the breeding policy is based on progeny-testing, and, 
further, that one-eighth of the sires used in stud X are ram hoggets. This 
makes any direct comparison between the two studs rather difficult. 

For the purpose of the present argument, let us assume that the mortality, 
&c., was roughly equal in all studs. Thus the differences in the average pro- 
portions of rams which have functioned in one season bxit did not appear 
in the next xvould measure the approximate rates of culling according to 
rams’ ages. For instance, out of all two-tooth rams functioning in one 
season (see Table V), 35-1 per cent, in (i) and 11*9 per cent, in (iii) did not 
appear in the next season. The difference is 23*2 per cent. In other words, 
the rate of culling of two-tooth rams is 23*2 per cent, higher in (i) than in 
(iii). 

This illustrates the statement that the method of progeny- testing requires 
a high proportion of two-tooths and, if possible, ram hoggets to l)e tested 
and culled. McMahon (1940) calculated the following figures for the 
quickest and greatest improvement of progeny in regard to the fleece weight : 
“ culling 80 per cent, rams and 50 per cent, ewes : progeny test 20 jjer cent, 
rams, keep 3 per cent.” Postulating 100 per cent, lambing and equal sex 
ratio, it is clear that approximately 94-98 per cent, of rams are discarded 
prior to entering the stud and only 5-0 per cent, and 2-3 per cent, are 
progeny-tested in studs X and A respectively. Those of progeny-tested 
rams which are obvious failures are culled aft(*r the first season, while the 
more promising ones are used once more. Thus, about 62 per cent, of rams 
in progeny-testing stud A, against 29*5 per cent, of those in studs static in 
numbers, are not used after the first two seasons. Stud X show.- an ev'cn 
higher proportion of rams discarded after the first two seasons, but owing 
to the use of ram hoggets no direct comparison is possible. 

These figures indicate in a general way that- 

(a) Progeny-testing as a method of improvement is far from being 

prevalent. Indeed, the general trend of age composition for New 
Zealand Romney studs static in numbers would indicate that 
once a ram is chosen as stud sire it is apt to be used there barring 
death, sterility, &c., until it is culled for age and jmssibly fear of 
inbreeding. There is little room left for culling on economically 
important scores. 

(b) Stud A, although culling th(^ sires fairly heavily according to their 

“ gets,” seems to be rather restricted in numbers of young rams 
for progen y-testing. 

(c) Stud X seems to be in a position to progeny-test about 5 -6 per cent. 

of young rams and to cull a higher proportion of two-tooth (a 
substantial proportion of which is presumably appraised on two 
crops of lambs). Since 3 per cent, of rams only are used as full- 
mouth, it would appear that the stud breeder must be satisfied 
that the young rams are better than the stud’s best older ones. 

(d) In so far as the breed is concerned, and speaking from the point of 

view of a long-range policy, the foregoing picture seems to present 
great possibilities of further improvement of New Zealand Romney 
Marsh sheep, for, if it is true that the surest way of live-stock 
improvement lies in progeny-testing, the use of it is still in its 

^ incipient stage, and the potentialities for further improvements 
would seem to be still mostly untapped. 
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Admittedly, the foregoing general outline of the breeding policies adhered 
to by the New Zealand Romney stud breeders, and especially points (cr) 
and (d), is based (except for stud A) on figures gathered from flock-books 
for all the static in numbers studs from 4(')r) to 1,3(K) breeding-ewes strong. 
The sheep in these studs represent approximately one-fifth and one-seventh 
of Romney stud ewes and rams respectively. Therefore, strictly speaking, 
the conclusions ref(*r to those studs only, and, further, it should be understood 
that the general outline may not hold true for individual studs. 



lY 25 %9 55 ^7 5*5 59 65 7 / 77 

Number c£ per ro-m 


Fiq. 4, — Showing average distribution of numlxT of ewes per ram. 

Number of Ewes per Ram 

For the sake of completeness rather than sequence it is proposed to 
analyse briefly some figures pertaining to the allotment of ewes per sire 
in an ordinary paddock mating. 
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The data set out in Table VI indicate the general utilization of rams for 
breeding in studs bigger than four hundred sheep and static in numbers. 
SoinewW. fuller information is given for stud A in Tables VII and VIII 
and also in Figs. 4 and 5. 


Table VI. — Proportion of Rams kept for Brbedinu, ani> the Avkka(;e Number 
OF Ewes per Ram in New Zealand Romney Marsh Studs Static’ in Numbers 
(1942 and 1943) 


Number of breeding-ewes 
Number of rams kept 

Total numb<»r 

Rams — 

Percjentagc* of total 
Percentage of ewes 
Number of ew’cs per ram — 
Average 
Range 


(U ,b49 
1 ,4r>3 
«3,I02 


2-3 

2-4 


42-4 

280 116« 



Kio. a . — Showing {)ereentage of age-distribution of rams and pereentiige of ewes 
served by rams of different ages. 


'Table VII. — .\veraok Distribution of Number of Kwes per Sire. (Stud A, 

1941-44) 


Numlwr of Kwfs 
fier Sire. 

Nitiuber and/ 
or Percentage 
of Hires. 

Number of Kwen 
per Hire. 

Niiiiiber and ' 
or Percent aye 
of Hlrc-iH. 

From Id to 18 

2 

From 49 to 51 . . 

26 

From 19 to 21 

1 

Prom 52 to 54 . . 

5 

From 22 to 24 

0 

From 55 to 57 . . 

7 

From 25 to 27 

1 

From 58 to 60 . . 

6 

From 28 to 30 

1 

From 61 to 63 . . 

2 

From 31 to 33 

1 

From 64 to 66 . . 

1 

From 34 to 36 

7 

From 67 to 69 . . 

1 

From 37 to 39 

4 

From 70 to 72 . . 

2 

From 40 to 42 

13 

From 78 to 75 . . 

2 

From 43 to 45 

8 



From 46 to 48 . . 

10 

Total . . j 

1(K» 


T 
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Taulb VIII. — AvKRAfiK Number and Proportion ok Ewes put to Sires of different 

Ages (Stud A, 1941-44) 


Affe of Sires. 

SifPM. 

K\vt> 

Average 

ia;r 

Sire. 

KanKt* 

l)er 

Sire. 

Nuniher. 

Per Cent. 

Niiiiiher. 

Per Cent 

N iiiiiticr. 

Numt,er. 

Hoggets . . 


2 

2 

33 

0*70 

10 -.7 

10-17 

Two-kM>th 

• * 

37 

37 

1,091 

3.7 • .7.7 

4.7-7 1 

20-or, 

Four- tooth 


24 

24 

1.179 

24 -78 

49-1 1 

27-72 

Six-tooth 


14 

14 

74S 

1.7-72 

' .73-4 

40 02 

Full-month 

• • 

10 

10 

4.H.-) 

10-20 

4H-.7 1 

.30-7,7 

m years • • 

.. 


9 

4.7.', 

9 -.70 

: ">o-o 1 

43-7.7 

uj years . . 

.. 

4 ! 

4 

iOO 

3-49 

41 -.7 ! 

.30 .70 

Total 

1 

I(K) ' 

KKt 

4,7.77 

KM) (HI 

' 47-0 

10-7.7 


The ineun of the iiuiiiher of ewes per sire in paddock mating is 47*0, 
while the mode is fiO. It is quite possible that the secondary peaks in Fig. 4 
indicate the breeder’s preference for a certain numlxT of ewes per sire. It 
will be observed that hoggets, and to lesser extent six and a half years old 
rams, show a smaller allotment of ewes. The maximum is seventy-five 
ewes for rams four and a half years to five and a half years old (see Table VII), 
but the age of the rams, except ram hoggets, is of minor importance in 
apportionment of ewes. This is clearly illustrated in Fig. o, where the 
percentage of total ewes served by sires of diftenmt ages is plotted. If 
each age group of rams had received the same number of ewes, these curves 
w’ould coincide. As it is, they are almost coincident. 

Some other aspects of the reproductive abilities of rams, esjiecially in 
connection with hand service, will be analysed in subsequent parts of this 
study. 
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A PROGRESS REPORT ON A COLLECTION OF 
JAPANESE PERSIMMONS {DIOSPYROS KAKI 
L.f.) AT MOUNT ALBERT, AUCKLAND 

By H. M. Mouat, Pomolofrist, Plant Diseases Division, Department of 
Scientific and Industrial Research 

[Received for puhlicatiorb, let July, 1946] 

Summary 

(1) An account is given of a collection of seventeen varieties of Japanese 
persimmon {Diospyros kaki L.f.) planted during the years 1939-40. 

(2) Marked differences have been observed in growth, foliage, fruit-drop, 
and fruit type of different varieties. 

A UOLLEC’TION of thirty-two trees of seventeen varieties of Japanese per- 
simmon (Diospifros kaki L.f.) obtained from two nurseries in Australia was 
planted at the Plant Diseases Division, Mount Albert, Auckland, in 1939 
and 1940. Varieties included in the collection are shown in Table 1. The 
rootstock of trees from one source was stated to be D. kaki. That of the 
others is unknown, but is probably the same. The soil is a brown crumbly 
loam of basaltic orijjin. The trees were spaced 15 ft. apart in a single row, 
in most cases a pair of each variety being planted together. Ajiproximately 
every eighth tree was of the Dailey variety, included to ensure good 
pollination. 


Table I. — Growth and Flowebino of Japanese Persimmons 


Varletj'. 


Number 
of Trees. 

V ear of 
Plant ini;;. 

'free 

sue 

\ ear of 
Flowerlnu. 

Dai Dai Marii 

Unknown 

1 

1939 

Medium 


Flat Sweet , , 


2 

1939 


1945 

Fuyu 

P. kaki . . 

1 

1940 

„ 

1945 

Galley 

.. 

4 

1940 

Large 

1944.* 1945* 

Hachiya 

«. 

2 

1939, 1940t 

„ 


Hyakurae- . . 

Unknown 

1 

1939 

,, 

1945 

Kurokumo . . 


2 

1939 


1944. 1945 

Miyotan 

P. kaki . . 

2 

1939, 1941 + 

,, 

1945 

Okame 


2 

1940 


1944, 1945 

Ormond 


2 

1940 

,, 

, . 

President Honorarity 

Unknown 

1 

1939 


1945 

Tamupan 

P. kaki . . 

2 

1940 

Medium 


Tanenashi 

»» • • 

2 

1940 

». 


Titibut 

Unknown 

2 

1940 

Small 


I'suru Gaki . . 

J), kaki . . 

2 

1940 


t I944,t 1945t 

Tsuru Marghari 


2 

1940 

Medium 

1944, 1945 

Yemon 

99 • • 

2 

1940 


1944, 1945 


♦Three trees only. fRe-pIant. }0ne tree only. 


The trees were slow in becoming established, but are now growing well. 
Varieties have shown considerable differences in type of growth and tree 
size (see Tatile 1). Some — e.g,, Titibut and Tsuru Gaki — are of dwarf habit, 
being little over 5 ft. high, while others — e,g,t President Honorarity and 
Okame^ — are vigorous types now over 8 ft, in height. Ormond is notable for 
its late season of growth, extending six to eight weeks beyond that of the 
other varieties. 
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Differences were also noticed in leaf character, some varieties having 
V(*ry distinctive foliage. 

With reference to the flowering habit of Japanese persimmons, Jlume 
(1914) and Hodgson (1942) have shown that varietal differences exist. 
Whereas nearly all varieties hear jnstillate flowers, some do not bear 
stamiuate flowers, and of those that do, not all j)roduce them regularly 
^»very season. Hume has pointed out that Dailey, which belongs to the 
group producing both ])istillate and staminate flowers regularly, is valuable 
as a pollinator for the other groups. Although fruit will develop j)artheno- 
carpicall}', seed formation is necessary to jirev'ent excessive drop of immature 
fruit (Asimi and Chow, 193fl). According to Traub and Robinson (1937), 
Noguchi (1934) found that pollination may also produce a metaxenial eifect 
on fruit shajie and the character of non-astringency. Fruit-drop is one of 



Flo. 1. — Showing variation in size ami shape of six varietich of Ja})aiiese per- 
simmon. ( ' i'.) Top. Yemon. Tsuru Marghari, T.surn (iaki. Bottom. 
President Honoranty, Hachiya. (iailey. 

hit H t JffKjhe'f. 


the problems of persimmon growing overseas, where the chief cause is faulty 
j)ollination. Hodgson (1942) in California has shown that m the Hachiya 
variety the drop is accentuated where Diospijroa lotus L. is used as a rootstock. 

Six v’arieties flowered in 1944 and eleven varieties lu 1945 (Table 1). 
The period of flowering extended over the last two weeks of Novemlu'r 
and the first week of December. To date the only varieties m the collection 
that have borne staminate flowers are Dailey and Miyotan. Records 

over a considerable period will be necessary to determine fully the flowering 
habit of the different varieties. 

All varieties that flowered in 1944 and 1945 set fruit. Drop of immature 
fruit occurred mainly during the month of February and the lirst week of 
March. In the first "season the few fruits that set on Okame and Kurokumo 
all dropped prematurely. The other varieties produced a small crop, lu 
the second season, fruit-drop, which may hav’e been accentuated by the 
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dry conditions, was very heavy in Kurokunio, Okaine, and President 
Honorarity, and moderately heavy in Tsuru Gaki. There was practically 
no drop in Gailey, Yemon, and Tsuru Marghari. 

The first picking of fruit was made in the first week of May and the last 
picking in the second week of June. Tsuru Gaki, in spite of the considerahle 
drop of immature fruit, bore a very heavy crop. A good crop was also 
produced by Tsuru Marghari, moderate crops by Gailey and Yemon, and 
very light croj)s by the others. 

Wide differences were observed in shape, size, and general characteristics 
of the fruit from different varieties. Figure 1 shows the variation in size 
and shape of fruits fron\ six varieties. 
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THE UTILIZATION OF BUTTERMILK IN 
NEW ZEALAND 

By F. H. McDowall, Dairy Research Institute (N.Z.), Department of 
Scientific and Industrial Research, Palmerston North 
[Received fair ptUtUe^Miion^ ISih ApriU 1946] 


Summary 

Part I . — In the seasons 1940-44, buttermilk from New Zealand butter- 
factories was used almost exclusively for animal feeding. From about 90 per 
cent, of the factories the buttermilk was sold to private pig-farmers. The 
remaining 10 per cent, utilized the buttermilk on a factory-owned pig-farm. 
The average returns for the buttermilk over all the factories surveyed was 
28. lOJd. per ton of butter manufactured. The highest average returns were 
obtained by the smallest and the largest factories. The ten factories owning 
their own pig-farms obtained, on the average, a return of 5s. per ton of butter 
manufactured over the four dairying seasons. 

Part //. — Buttermilk is shown to vary in composition with the composition 
of the milk from which the cream is derived, the degree of dilution of the cream 
during processing in the factory, and with the extent of fat loss during churning. 
On the assumption that the average fat content of the cream at churning in 
New Zealand factories is 36*0 per cent., that the fat and solids-not-fat contents of 
the buttermilk are 0.80 per cent, and 7*2 per cent, respectively, and that the 
buttermilk content of the granules at completion of draining of the buttermilk is 
18*0 per cent., l-,304 tons of buttermilk are showii to be discharged per ton of 
butter manufactured. 

From monthly butter-production figures over the years 1943-45 the 
seasonal variation in quantity of buttermilk discharged daily has been calculated 
for factories of annual outputs from 500 tons to 6,000 tons of butter. 

Separation of a portion of the fat from buttermilk should be possible, but 

the information available in the literature is not very complete. 

Some casein is being manufactured from buttermilk in Australia and possibly 
also in the United States, but the product is of inferior quality and has limited 
uses. 

The manufacture of semi-solid buttermilk from buttermilk, which is 
allowed to acidify before evaporation to about 30 per cent, of its original volume, 
is widely practised in the United States. This product is used for animal food. 
Condensed sweet-cream buttermilk is used for human food, especially for baking 
and ioe-oream making. ^ 

In some countries some buttermilk is used direct for liquid consumption, 
for use in baking, or is converted to cottage cheese. 

4— -Science, 




98 


The N.Z. Journal op Science and Technology [Aug. 


Buttermilk may be dried either for human consumption or for animal-feeding 
purposes. The roller process is commonly used. The cost of drying varies with 
the conditions of operation. On certain assumptions as to the composition of 
the buttermilk, the cost of drying at present (March, 1946) in a 2,500-ton 
factory has been assessed at £21 10s. per ton of powder. The returns for the 
powder at the factory should therefore be at least £23 lOs. per ton to equal the 
present return for buttermilk utilized on the factory pig-farm. 

The annual consumption of whole-milk powder in New Zealand is 800 tons, 
and of skim-milk powder 1 ,800 tons. Of the skim-milk powder consumed, 300 tons 
to 500 tons are used in ice-cream. The total possible production of dried butter- 
milk in New Zealand from factories of over 1,000 tons annual output of butter is 
approximately 10,000 tons. The extensive production of buttermilk powder for 
human consumption within New Zealand would therefore involve the creation 
of a new market for dried-milk products, or disposal on the export market. The 
keeping quality under shipping conditions and the method of packaging for 
export require investigation before the possibility of this channel of disposal 
can be assessed. 

There appears to be a possible market for up to 1,000 tons of dried butter- 
milk for poultry feeding, and for 800 tons to 1,000 tons for calf feeding, but 
these markets are not yet developed to their full possibilities. The use of dried 
buttermilk for pig feeding is scarcely likely to be economic, and the competition 
of other feeds such as meat meal, available at lower prices, would also restrict 
the demand for buttermilk powder for this purpose. 

PART I.— SURVEY OF BASIS OF BUTTERMILK DISPOSAL AT 
NEW ZEALAND FACTORIES 

The problem of the disposal of the buttermilk produced as a by-product in 
the factory manufacture of butter has two complementary aspects : (I) the 
buttermilk is a high-quality food product, and should be utilized to the 
fullest advantage ; and (2) some method of utilization is essential, as the 
discharge of buttermilk into the factory drains would cause serious pollution 
of the natural streams into which the drainage flows. In New Zealand the 
buttermilk is used almost exclusively for pig-feeding ])urpose8. The butter- 
milk is sold either by direct tender for the sup])ly year by year or for a period 
of years, by tender based on the tonnage of butter, to private pig-farm 
owners, or is used on a pig-farm owned and operated by the factory company. 
Hitherto there has been no information available as to the particular method 
of disposal most generally adopted or as to the terms of disposal. 

In 1944, in response to a circular forwarded from this Institute to each 
butter-factory company, details were suppUed of the method of, and of the 
returns from, buttermilk utilization in the large majority of butter-factories 
over the four years 1940-44. Only two factories were drying buttermilk. 
In one of these a portion of the buttermilk was bemg dried by the roller 
process and was sold for animal-feeding purposes. In the other factory a 
portion was being dried by the spray process. Some of the spray-dried 
product was used for human food, but the greater proportion of this powder 
also was used for animal feeding. In the tables given below the receipts 
from buttermilk drying are not included. 

Financial Returns for the Disposal op Buttermilk at New Zealand 

Factories 

The results of the survey are given in Table I. The receipts for all methods 
of disposal have been calculated to the basis of “ per ton of butter,” and 
the factories have been classified according to the returns received, in steps 
of Is. per ton of butter. It will be seen that, over the four years, the majority 
of factories (67-9 per cent.) received between Is. and 3 b. per ton of butter 
^or the buttermilk, and only relatively few {18‘6 per cent.) received more 
than 4s. per ton of butter. The maximum return to a factory was 13s. per 
ton of butter. 
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Table L — CLASsmcATioN op Factories according to the Returns for Disposal op 
Buttermilk per Ton of Butter manufactured, in Steps of Is. per Ton of Butter 



KeturnH to 
Factory for 
Buttermilk 
1 K.T Ton of 
Butter. 


Season, 

1940-41. 

Season, 

1941-42. 

... 

Seasoi*, 

J942-4;t. 

Season, 

1943 44. 

Seaj-ons, 

1949-44. 

Number of 
Factories. 

Proijortion of 
Total Number 
of Factories. 

= 2 

is 

Proportion of 
Total Number 
of Factories, 

Number of 
Factories. 

=1 i 

fi s-c 
.2 = 0 

Kl 

Number of 
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32 
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8 
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Table II. — Average Returns for Buttermilk per Ton ok Butter uiassified 

ACCORDING TO THE TONNAOE OF BUTTER PRODUCED AT THE FACTORY FOR THE 

Year 


Yearly Output 
o( Butter. 

Number of I 

Factory j 

SeuHous. 1 

Averafze Return" 
j>er Ton of 
Butter. 

Tons. 


1 

0 - 5(H) 

153 

! 55-80 

501 - l.CKH) 

70 

■ 28-64 

l,(Hll - K.-iOO 

48 

1 31 39 

1,501 - 2.(HH) 

,50 

30 24 

2, (Mil - 2, 5(H) 

25 

27-88 

2,501 - 3,(HH) 

17 

1 39-41 

3,(H)1 - 4,(HH) 

30 

1 39 (33 

4,(H)1 - 

12 

1 64-92 

Average . . 

405 

34-40 


Table 111. — Number of Factories of different Y'early Tonnage Outputs (in 
Steps of 5CK) Tons) owning their Own Pig-farms, and A\ erage Returns per 
Ton of Bi^tter from these F'arms, over the Seasons 1940-44 


Butter 

Number of 

•Averaue Return" 

Output of 

Factor\ 

]>er Ton of 

Factory. 

Sea<»on". 

Butter 

Tons. 

0 - 500 

0 

! s. (1. 

501 - 1,0(X) 

8 

4 H 

1,001 - 1,500 

3 

6 S 

1,501 - 2,000 

1 4 

6 3 

2,001 - 2,500 

1 6 

1 n 

2,501 - 3,(H)0 

! r» 

6 7i 

3,(K)I - 4.000 

1 5 

4 3 

4,001 - 

8 

6 5 

Average . . 

39 

5 0 


4 * 
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Relationship between Size of Factory and Returns for Buttermilk 

per Ton of Butter 

The receipts, classified according to the size of factory (yearly output 
in tons), are shown in Table II. The highest average returns were obtained 
by the smallest and the largest factories. As will be seen from Table III, 
there were no factories of under 500 tons with a factory-owned pig-farm. 
The higher returns for these small factories is no doubt due to the capacity 
of a nearby farmer to utilize the small quantity of buttermilk in conjunction 
with the skim-milk from his own farm, without the necessity for concentrating 
solejy on pig-farming. He would thus be able to utilize the buttermilk 
without being compelled to employ additional labour and to install an 
elaborate piggery with high installation costs for plant and staff accommoda- 
tion. The higher returns for the large factories were due to high returns 
from some of the factories owning and operating their own pig-farm (see 
Table V), The average return per factory unit per year (not the weighted 
average) was 34*4d. per ton of butter. 


Commercial Basis of Disposal of Buttermilk 

The most common basis of disposal of the buttermilk was at a price per 
ton or per 1(X) tons of butter made, but many of the smaller factories sold 
the whole of the buttermilk for a fixed sum. Some factories, recognizing 
that the purchaser of the buttermilk would have to undertake a large expense 
for installation of a pig-farm, sold the buttermilk on a ten-year term. At 
two factories the buttermilk was given away, in one instance without any 
quid pro quo except that the factory no longer had the responsibility of 
removing it from the factory premises, and in the other in return for the 
factory drainage rights through the property of the recipient. During the 
1940-41 and the 1941-42 seasons nine, and during the 1942-43 and 1943-44 
seasons eleven, of the factories disposed of the buttermilk by means of a 
factory-owned pig-farm. The average net returns from the operation of 
the pig-farm are shown in Table III, distributed according to size of the 
factory. 

The returns from the factory-owned pig-farms were thus, on the average, 
28. l*6d. per ton of butter higher than the average of all returns. For a 
2,000-ton factory this would amount to £208 per year, or 2s. l*6d. per 1,866 lb. 
of butterfat, equivalent to 1 ton of butter=0'013d. per pound of butterfat. 
The range of variation in returns from buttermilk per ton of butter for 
factories of different annual outputs is shown in the scatter diagram in 
Fig. 1. Returns for factory-owned jlig-farms are represented by a cross 
on the diagram, and study of their position on the diagram again emphasizes 
the higher returns obtained from the factory-owned pig-farm. 


Pig-farming as a Method of BirrrERMiLK Utilization 

{a) Comments on the Results presented, above , — To obtain a balanced 
appreciation of the figures presented, it is necessary to examine them with 
the following conditioning factors in mind : (1) prices for pig meats were 
high during the period under review, whereas many factories sell their 
buttermilk on a long-term contract, which must allow for the wide fluctua- 
tions that do occur in these prices from year to year. (2) The market for 
pig meats was an assured one during the whole of the period, but this is not 
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Fig. 1. — Scatter diagram of returns for sale of buttermilk for years 1940-41, 
1041-42, 1942-43, and 1943-44, plotted against annual production of butter for 
the corresponding years. 

• = direct sale of buttermilk to private pig-farmer. 

X « utilization of buttermilk on factory-owned pig-farm. 
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always so. (3) Pig*farming on the large scale is more likely to be successful 
during the first few years of establishment, when the land is fresh. The 
older the j)ig-farm, the greater is the care necessary to prevent the area 
from becoming “ pig-sick,” with resultant heavy losses of animals from 
disease. (4) The capital investment for the installation of a properly laid 
out pig-farm is high. (5) Success in intensive pig-farming is contingent on 
suitable personnel being available. The manager of the farm must have 
both a good knowledge of the work, and a real interest in it, if full advantage 
is to be taken of the fluctuating flow of buttermilk and if losses are to 
be avoided through the operation of factor (3). Such personnel is not always 
procurable. (6) No doubt the returns were swollen to some extent from 
the sale of breeding-pigs to farmers during the period of good demand and 
good prices for pigs. 

(d) Difficulties in the Utilizadmi of Buttermilk on Pig farms in New 
Zealatid, — It will be shown later that the volume of buttermilk discharged 
from New Zealand butter-factories is subject to marked seasonal fluctuations. 
Success in full utilization of the supply requires very careful planning of the 
breeding programme throughout the year. The flush supply of buttermilk 
occurs in October to December. Litters farrowed in the spring do not reach 
maturity sufficiently early to take full advantage of the flush supply in 
October, and it is necessary either to carry store f)igs over the winter by 
means of other feeds so that they shall l>e ready for the appearance of the 
buttermilk supply, or to purchase from other breeders. (Jrain feeds are not 
easily available in New Zealand at an economic price. Root crops of some 
kind are necessary to carry the stock over the winter. Some of the larger 
factory-owned pig-farms have operated on the system of buying in stores 
in the spring, but this has the serious disadvantages of lack of control of the 
quality and health of the animals housed on the farm, uncertainty as to 
the supply and price on the store-pig market, and loss of the profits from 
the breeding side of pig-farming operations. 

The buttermilk as discharged from the factory is very cold, and may 
cause loss if given to })igs at the temperature of discharge. It has been the 
experience on some pig-farms utilizing buttermilk that losses of suckling 
pigs at time of transfer to feeding on buttermilk are higher than on skim- 
milk farms. The reason has not been clearly shown, but may be related 
to the temperature of the buttermilk when given to the animals. 

(c) The Ejfficiencj/ of Utilization of the Food Value of Buttermilk btj the 
Pig. — Buttermilk is a high-quality f6od product. The extent of dilution 
with water is variable according to the factory conditions, but the projiortions 
of the two primary animal foods, protein and carbohydrate, are the same as 
for skini-milk, which contains 3*5 per cent, to 4 per cent, of protein and 
5 per cent, of lactose. For use as an animal food, buttermilk contains a 
higher proportion of protein than is necessary, and the valuable milk 
protein is used as a source of energy and for fat production instead of its 

proper function for flesh and blood production. The most efficient utilization 
of buttermilk would be obtained by the simultaneous feeding of carbohydrate- 
rich foods. In New Zealand, however, large supplies of grains are not 
available at prices which are economic for pig feeding, and where buttermilk 
is used for pig-farming the inefficient use of its true food value is scarcely 
avoidable. 
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Discussion 

Buttermilk from sweet cream is suitable for human food. Its utilization 
for the feeding of pigs results in the production of only approximately 
one-tenth of its food value as utilizable human food in the form of pig meat. 
A large proportion of the food value goes to waste in the form of excreta, 
and a proportion of that retained is lost as unusable offal when the pig is 
slaughtered. Apart from these considerations, the data given in Table III 
show that the financial returns to the butter-factory from the sale of 
buttermilk are very small. Buttermilk from the churning of sweet cream 
is an excellent food product, but so far it has not yielded any appreciable 
economic return to New Zealand butter-factories. In Part II the possibilities 
of alt(irnative methods of utilization will be examined. 


PART Il.- THE COMPOSITION OF NEW ZEALAND BUTTERMILK, 
THE VARIATION IN QUANTITY OF BUTTERMILK PRODUCED 
THROUGHOUT THE DAIRYING SEASON, AND A REVIEW OF 
THE POSSIBLE METHODS OF UTILIZATION OF BUTTERMILK 

The Composition of Buttermilk 

Buttermilk shows quite wide variations in composition, due to variation 
in the composition of the milk from whi(jh it is derived, to variation in the 
amount of dilution with water during the processing of the cream in the 
butt(*r-factory, and to variation m the amount of fat lost to the buttermilk 
in the churning process. 

(a) Composition of Mill ', — Jersey cows yield milk with a high content of 
solids-not-fat, and the buttermilk from Jersey cream will show a correspond- 
ingly high solids-not-fat content. There is also a seasonal variation in 
solids-not-fat content of milk with change in stage of lactation of the cows 
from spring to autumn. The values show a rising tendency during the summer 
and early autumn, but fall in the late autumn on accrount of the fall in lactose 
content of milk from (row\s near the end of lactation. During long spells of 
<lry weather, also, the solids-not-fat content of milk is low. For the jmrposes 
of the present review the solids-not-fat content of th(‘ serum of the cream 
from which New Zealand butter is derived (calculated on the fat-fre(» basis) 
will be taken as 8*8 per cent.(Udy, (I, 2) ). 

(h) With Amount of Dilution , — Some dilution of buttermilk due to 
addition of water to the cream during processing is unavoidable, but care 
should be taken in the factory to keep the dilution to a minimum. Excessive 
dilution means excessive losses of fat in the buttermilk and, in addition, 
increases the difficulty of economic utilization of the buttermilk. In general, 
the extent of dilution will depend on (1) the ratio of number of suppliers 
to factory output (a large number of small suppliers will give increased 
dilution during the steaming of cream from cans) ; (2) on the thickness of 
the cream received (thick acid cream is more difficult to steam out of cream- 
cans than thin sweet cream, and may require dilution before processing) ; 

(3) on the amount of neutralizer required (acid cream requires more neutral- 

izer and therefore greater addition of water as solvent for the neutralizer) ; 

(4) on the care taken by the factory staff to avoid dilution (e.g., in washing 

out neutralizing and holding vats ; (5) on the relationship between 

temperature of ingoing and outgoifag cream in the treatment of cream in 
the vacreator (with preheating befote vacreation there is actually a measure 
of concentration of the cream) ; and (6) on the amount of break water added 
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(if any) during the churning process. The average solids-not-fat content 
found in 1937(3) for buttermilks from five factories using vacreators was 
7*35 per cent. Some analyses made more recently gave a rather lower 
average(4). 

(c) With Variation in Extent of Fat Loss during Churning . — The fat 
content of buttermilk is related both to the original fat content of the cream 
and to the conditions of processing and churning of the cream, and to the 
season of the year. With increased fat content of the cream there is, in 
general, an increase in fat content of the buttermilk (but, owing to the 
smaller volume of buttermilk, the proportion of fat lost in the buttermilk 
is smaller). Intense vacreator treatment and unduly high temperatures of 
churning give higher fat losses in the buttermilk, and in the autumn, when 
the cows are late in lactation and the fat globules are smaller, the fat content 
of the buttermilk is higher. The average fat content of buttermilk from five 
commercial factories in 1937(3) was 0*77 per cent., corresponding to a fat 
content in the unwatered buttermilk of 0*89 per cent. Estimations made in 
1945(4) indicate that these results are fairly average for the larger factories 
where vacreators are in use. In the later discussion it will be assumed 
.that the buttermilk as discharged contains 0*80 per cent, of fat. 

Quantity of Buttermilk for Disposal in New Zeal.\ni) Factories 
AND ITS Total Solids Content per Ton of Buiter 

For cream of any one fat content at churning, the quantity of buttermilk 
produced remains fairly constant, but it varies with variation in fat content 
of the cream. The effect of variation in fat content of the cream from 
35 per cent, to 45 per cent, on the quantity of buttermilk produced is shown 
in Table IV. It has been assumed that butter contains 10 per cent, of 
buttermilk(Udy (1, 2) ), that the fat content of the butter is 81*8 per cent., 
and that the percentage fat loss from 35 per cent, cream is 1*4, from 40 per 
cent, cream is 1*2, and from 45 per cent, cream is 0*9. 

From 100 parts of cream of 35 per cent, fat content, 98*6 per cent, of the 

98*6 

fat is recovered in the butter = — — x 35 — 34*51 parts. 

lUU 

TOO 

Butter from 100 parts cream = ™ — x 34*51 = 42*19 parts. 

Quantity of buttermilk in butter — x 42*19 = 4*22 parts. 

Hence total quantity of buttermilk produced = KX) — (34*51 4*22) = 

61*27 parts. 

It is not possible, however, to collect all the buttermilk produced during 
butter-manufacture. The granules of butter retain a considerable amount 
of buttermilk which is washed away by the chill- water and is not recoverable 
on account of the high dilution. The amount of buttermilk retained in the 
butter will vary with size of granule, churning temperature, softness of 
butterfat, and, above all, with time allowed for draining. After the treatment 
with chill-water and careful draining of the granules, the moisture retained 
in the churn is usually sufficient to give a moisture content of 14 per cent, 
to 15*5 per cent, in the unfinished butter. It would take up too much time 
to drain the buttermilk from the granules equally carefully, and the 
unchilled granules will not d^ain so easily. It will be assumed in this paper, 
therefore, that the buttermilk cbntent of the granules at the time of addition 
of chill-water is equivalent to 18 per cent, of the weight of finished butter. 

the finding of Udy (see above) is correct, the loss of buttermilk in the chill- 
water would then be equivalent to 8 per cent, of the weight of the butter 
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made. In the above example, then, the quantity of buttermilk discharged, 
as distinct from the quantity produced, would be — 


61-27 


100 


X 42-19 = 57-90. 


Table IV. — Quantity of Buttermilk from the Churning of 100 Parts of Cream 

FOR CREAMS OF DIFFERENT FaT CONTENTS 


Fat Content 
of Cream. 

Fat 

(Quantity of 
Jlutter.* 

Total 

Quantity of j 
Kuttermilk.* 1 

1 

1 

Quantity of 
Buttermilk i 
dihcharned,* 

Ratio of 
Quantity of 
Buttermilk 
diHchar^ed 
to (Quantity 
of Butter. 

Fat 

('ontent of 
Buttermilk. 

Per CVnt. 

Per (Vnt. 



1 


Per Ont. 

3.5 

1*4 

42- 19 1 

61-27 

57-90 

1-37 

0-80 

40 

1-3 

4S-26 1 

.5.5-70 

1 51-84 

1-07 

0-93 

4.5 

M 

54-42 1 

i 

49-95 

45-60 

0-S4 

l-Ol 


•Fimireh reprchcnt i»arts l»er KM) parts ol orijiinal rreain. 


The figures in Table IV show that cream of 35 ptT cent, fat content at 
churning yields 1-63 times as much free buttermilk as cream of 45 per cent, 
fat content. There is then no figure din^ctly applicable for calculation of 
volume of buttermilk from the figure for quantity of butt(‘r made, unless 
the fat content of the (Team at churning is known. The fat content of the 
cream as received at the factories in New Zealand is fairly uniform at about 
39 per cent. If it be assumed that there is no watering of this cream on the 
farm, the total solids content of the buttermilk produced can be roughly 
estimated on the assumption that the luiwatered buttermilk contaim^d 
8-8 per cent, of total solids. A certain aiiKUint of dilution in processing is 
unavoidable, as already pointed out, but some control of the extent of 
dilution is possible in the factory operation. For the purposes of this paper 
the fat content of the cream at churning will be taken as 36 j^er cent. This 
is equivalent to an increase in volume of 100 parts of cream to 
39 

X 100 - 108-3 parts, or an 8-3 {)er cent, dilution (the 36 per cent, cream 


oontains—^— X 1(X) 

lUo-O 


7-7 })er cent of added water). 


After the churning 


process, this dilution is transferred almost comjiletely to the buttermilk. 

100 parts of original cream of 39 per cent, fat content contained 61 parts 
of unwatered buttermilk. 

108-3 parts of diluted cream containing 39 parts fat contain 69-3 parts 
of watered buttermilk. 

The buttermilk has therefore been diluted by 8-3 parts in 61, or by 13-6 
per cent. The original solids-not-fat content of the buttermilk — viz., 
8-8 per cent. — now becomes 7-7 per cent. The yield of butter from 100 
parts of cream of 36 jier cent, fat content, on an assumed fat loss of 1-3 per 
cent, of the fat in the cream, would be 43-4 parts (calculated as outlined 
above) and the volume of buttermilk discharged would be 56-6 parts. Hence 
weight of buttermilk per ton of butter would be 1-304 tons. On the assump- 
tion that the fat content of the buttermilk were 0-80, the total solids content 
of the buttermilk discharged from the manufacture of 1 ton of butter would 

he 1-304 X^^ = 0-ill tons and the water content 1-193 tons. Recent 

I * 



106 The N.Z. Journal of Science and Technology [Aug. 

analyses of buttermilks from a number of factories indicate that the content 
of solids-not-fat is not as high as 7-7 per cent, when the butter is churned 
from cream containing 36 per cent. fat. This would mean that there haa 
been a measure of dilution of the cream with water on the farm, due probably 
to entrance of water into the cream during the flushing of the milking-machine 
and the separator bowl. The economics of the drying of buttermilk is closely 
related to the degree of dilution of the solids present, and it is of importance 
that the assumed average value for solids content shall not be unduly high. 
For the purposes of the later discussion, therefore, the solids-not-fat content 
of the buttermilk will be taken as 7*2 per cent., making, with a fat content 
of 0*8 per cent., a total solids content of 8*0 per cent. The total solids content 
of the buttermilk from the manufacture of 1 ton of butter would then be 
0*104 tons and the water content 1*2 tons. 

The assumptions on which the subsequent discussion is based may now 
be summarized as follows : — 

(1) The fat content of cream at churning is 36 per cent. 

(2) The fat content of the buttermilk is 0*80 per cent. 

(3) The solids-not-fat content of the buttermilk is 7*2 ])er cent. 

(4) The buttermilk content of the granules at completion of draining 

of buttermilk is 18 per cent. 

(5) Deduced from the assumptions (1) to (4), the production of 1 ton 

of butter results in the discharge of 1*304 tons of buttermilk,, 
of which 0*104 ton is buttermilk solids and 1 *2 tons are wat(*r ; 
or the churning of 1 ton of butter yields 292 gallons of buttermilk, 
which contain 269 gallons of water. 

These assumptions represent an av,erage, but they will not apply consis- 
tently in any factory from day to day. The error will vary with the seasonal 
variations in solids-not-fat content of milk, with the condition of cream 
treatment in the factory, and with variations in a number of other farm 
and factory practices. For factories using flash- pasteurizers or some form 
of preheater before vacreation, the values may be too low. For factories 
not using preheaters before vacreation, the values may be too high. Any 
factory contemplating the drying of buttermilk should base the estimate 
of costs on the analysis of buttermilk as discharged under the current system 
of cream treatment. 

Seasonal Variation in the Quantity of Buttermilk available in 
New Zealand Factories 

The seasonal nature of dairying for butter-manufacture in New Zealand 
introduces a serious obstacle to the efficient economic utilization of butter- 
milk. Even when the buttermilk is used for animal-feeding purposes the 
difficulty applies (see Part I), as there are no easily available cheap supplemen- 
tary grain feeds to replace the buttermilk during the off season. In the 
drying of buttermilk the seasonal nature of the supply imposes an unduly 
high daily capacity in a plant erected to cope with the whole of the butter- 
milk supply from a factory during the flush months. 

The quantity of buttermilk produced can be calculated approximately, 
as shown above, from the quantity of butter produced. In Table V the 
monthly butter-production figures for New Zealand, divided into four districts 
are given* for the years 1943-45. Since most of the South Island butter- 
factories are small and the seasonal change in these districts is different 
from that of the North Island districts, only the figures for the three North 
Island districts are used in the totals and in the subsequent discussion. 

♦Figures for individual factories kindly made available by Internal Marketing 
Division. 
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In Table VI these figures are reduced to the form of percentages of the 
respective total annual productions. The figures in Table VI show that 
the seasonal change in butter-production has the same general trend in all 
three districts. The higher proportion of butter-production in June and July 
in Taranaki as compared with the other districts, is no doubt due to the 
transfer of supply from cheese-factories to butter-fiictories, which would be 
greater in proportion in Taranaki than in the other two districts during the 
winter months. 

From the point of view of utilization of buttermilk, the amount discharged 
daily is of greater significance than the monthly discharge. In the second 
last column of Table VI, the proportionate discharge per month has been 
converted to proportionate daily discharge (allowing for the difference in 
number of days per month, and for 29 days in February, 1944), and in the 
last column the average daily production for the month, calculated as a 
percentage of the average daily production for the peak month, is given. 



Month of the year 


Fig. 2. — ^Daily production of buttermilk (average for month) in New Zealand factorw 
as percentage of peak daily production (average for month) for each month \ 
the year. 

These figures have been plotted in Fig. 2. The correction for the effect 
of variation in number of days per month removes the major portion of 
the break in the line joining gross monthly productions, but there is still 
a slight variation from a smooth line in the transition from February ta 
March, probably due to the climatic conditions in March, 194:3, causing an 
actual rise in daily production figures for March as compared with February. 

From the figures in the second last column of Table VI, the monthly 
productions of butter in a 2,(XX)-ton butter-factory have been calculated 
(see Table VII). These are converted to daily productions in the next column 
of the table. Hence on the assumptions previously made that 1*304 tons 
of buttermilk are discharged for every ton of butter made, the daily pro- 
duction of watered buttermilk has been calculated, and, on the assumption 
that this buttermilk contains 8*0 per cent, of total solids, the amount of 
total solids and water in the buttermilk discharged daily have been deduced. 

From the data in Table VII, the volumes of buttermilk produced daily 
for each month of the year have been calculated for factories ranging in 
output from bOO tons to 6,000 tons (see Table VIII) and these figures have 
been plotted in Fig. 3. The tables and figure will be referred to later, in 
the discussion on the drying of buttermilk. 
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DISCUSSION OF POSSIBLE METHODS OF ITTILIZATION OF BUTTERMILK 
Separation of Fat from Buttermilk 
The loss of butterfat in the buttermilk in New Zealand factories varies 
from 0*7 per cent, to 2 per cent, of the fat received. This is a very high 
rate of loss and it is worth while to consider whether any portion of the 
fat is recoverable. In cheese-factories receiving as little as one vat of milk 
daily (800-1,000 gallons) the whey is separated, although it contains only 
about 0*3 per cent, of butterfat. The fat content of whey can be reduced 
on separation to 0-03 j)er cent. It will be seen from Table VIII and Fig. 3 
that a 2,000-ton butter-factory discharges more than 700 gallons of butter- 
milk for nine months in the year. If the larger quantity of fat in the butter- 
milk as com})ared with whey were recoverable, the separation should be 
worth while economically. Separation of buttermilk, however, is more 
difficult than separation of whey, for several reasons. 

(a) The Nature of the Butterfat in Buttermilk. — The fatty material in 
buttermilk contains a much higher proportion of j)hospholipid compounds 
than the fat of butter, due to the liberation, during the churning ])rocess, 
of j)ho8pholi])ids adsorbed on the fat globules. The higher the fat content 
of the cream at churning, the higher the content of phospholipids in the 
buttermilk. Holm, Wright, and Deysher(5) give the distribution of 
j)hospholipid between cream and buttermilk as is shown in Tabh* IX, and 

Table IX. — Distrihction of Phosfholipio between (’ream and BrTTEiiMiLK(r)) 


( 'ream. j 

Uuttennilk 

Pllo^)>hoI^)lli 

Content. 

Fat ('ontent. ! 

PhoHphollpul 1 

('ontent. j 

Per Cent. 

1 Per (Vnt. | 

Per Cent. 

270 

; 0-224 1 

0-284 

34 0 

0-2H9 i 

0-31S 

420 

0-2S4 1 

(^•382 


Bird(6) states that on the average 21 per cent, of the fat in buttermilk is 
phospholipid. The phospholipids are fairly water soluble and would not be 
separable by centrifuging. Even if all true butterfat were recoverable, 
therefore, a considerable residue of fatty materials in the buttermilk could 
be expected. 

(h) Size of the Fat Globule.s in Buttermilk. — Sirks(7) has shown that 
buttermilk contains some large fat globules, but that much of the fat is 
j)re8ent in globules too small to be visible under the microsco})e. In addition, 
the pasteurizing and churning processes appear to destroy the capacity 
of the globules to form clusters, as evidenced by the absence of appreciable 
gravity separation of fat from buttermilk. 

(c) Deposition of Sludge. — Buttermilk when separated gives greater 
deposition of sludge in the bowl than whole milk, especially if the cream 
before pasteurization had developed acidity. 

Review op Work Overseas on the Separation of Fat from Buttermilk 

In 1890, Meyers(8), at the West Virginia Agricultural Experiment 
Station, concluded that butterfat could be recovered from buttermilk when 
the losses were excessive, but when butterfat losses were low the separation 
of buttermilk was no longer advisable. Coulter and Combs(9) report trials 
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by the Division of Dairy Husbandry with hand and power separators and 
with a high speed super-centrifuge. The results, summarized in Table X, 
show that the fat content of the separated buttermilk could not be reduced 


Table X. — Results of Trials on Separation of Fat from Buttermilk (after 

Coulter and Combs(9) ) 


Trial. 

Weight of 
Buttermilk. 

Fat Content 
of Buttermilk. 

Weight of Fat 
recovered at} 
Cream. 

Fat Content 
of Skimmed 
Buttermilk. 


Ih. 

Per Cent. 

lb. 

Per Cent. 

1 

1 , 4(K) 

0-46 

0*665 

0*38 

2 

1,756 

0-42 

0*937 

0*36 

3 

1,394 

0-46 

1*23 

0*376 

4 

1,311 

0-48 

0*96 

0*38 

,5 

1,761 

1*28 

11*76 

0*52 

6 

1,S97 

1-40 

12*76 

0*43 


below 0*35 per cent., and that the higher the butterfat content of the butter- 
milk, the higher was the fat content of the separated buttermilk. From the 
results of Holm, Wright, and Deysher quoted above, it would be expected 
that the buttermilk from high fat-content creams would, after separation, 
have a higher fat content than the buttermilk from low fat-content creams. 
The general conclusion of the American workers was that separation of 
buttermilk is not practicable unless sweet-cream buttermilk is available 
in large quantities (not less than 2,5(X) gallons daily) or in cases where the 
butterfat content of the buttermilk is relatively high. They report that 
the process was proving a success in a buttermilk-drying plant where the 
buttermilk from sixteen to twenty creameries was collected and passed 
through a large factory separator before drying. 

Hunziker(l()) rejiorts that efficient separation of buttermilk requires 
more intense exposure to centrifugal force, such as may be j)rovided by 
super-s}>eed separators or by providing means to prolong exposure of the 
buttermilk to centrifugal force. Rushton(ll) increased the time of retention 
in the separator bowl by reducing the orifices of the cream and skim -milk 
outlets. When the time of retention was increased twenty-fold, Rushton(ll) 
claimed to be able to recover 55 per cent, of the total fat in the buttermilk 
in the form of a liquid testing 2 per cent, of fat or more. 

Mohr, Arbes, and Kelting(12), using a closed feamless Westphalia centri- 
fuge of 2(X) gallons per hour capacity, obtained from sour-cream buttermilk 
containing 0*30 per cent, to 0*60 per cent, of fat a buttermilk containing 
0*12 per cent, to 0*20 per cent, of fat. In order to avoid curdling the butter- 
milk, the separation was carried out ^t low temperatures ( 57 ° f. to 61° f.). 
They state that the buttermilk creams should not contain more than 
18 per cent, to 20 per cent of fat, and the valves of the centrifuge should be 
adjusted to obtain this condition. Buttermilk with fat content above 1‘4 per 
cent, yielded separated milk containing 0*4 per cent, to 0*45 per cent, of 
fat. Mohr and Kelting(13) state that the buttermilk cream can be used 
directly as cream or can be used in buttermaking, either alone or mixed 
with other cream. Buttermilk cream did not churn as quickly as ordinary 
cream and the granules retained the moisture more tenaciously. For success- 
ful churning, yielding a buttermilk with fat content of 0*5 per cent., it was 
necessary to cool buttermilk cream containing 18 per cent, fat for twenty 
hours at 39° r., and to chum at 43° f. Water content below 18*0 per cent, 
in the butter was obtained only when the butter was cooled at 41® f. for 
twenty-four hours after salting and preliminary working, and was then 
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finally worked at 43° r. to 46° f. The butter was softer than normal butter, 
and foamed and turned brown more easily when heated, owing to the higher 
lecithin content. Buttermilk cream mixed with an equal quantity of ordinary 
cream churned satisfactorily, but the tendency to moisture retention was 
greater than for normal cream. The butters from all-buttermilk cream 
and from buttermilk and ordinary cream mixed in equal f)arts were weaker 
in body than normal cream butters and were of doubtful keeping quality. 
The findings of Mohr and his co-workers refer to acid -cream buttermilk 
and are not necessarily applicable to New Zealand sweet-crearn buttermilk. 

Marek and Brtnik(14) have studied the separation of buttermilk in (l(*tail, 
but the results of their studies are not available in New Zealand. 

Caj)8tick(15) reqmrts that buttermilk is separated in some Victories in 
England. 

Alfa-Laval Separator Co.(16) have patented a separator bowl for the 
separation of buttermilk from acid cream. The bowl has holes in the out- 
side casing permitting a portion of the sludge to escape, and so reducing 
the amount of sludging-up of the separator bowl. The same result would 
probably be achieved with one of the modern self-desludging bowls. There 
is no record in the literature of the use of one of these bow Is m commercial 
practice for the separation of buttermilk. 

From the above review of the literature it is ch‘ar that the separation 
of fat from sweet-cream buttermilk is possible, but that it is not likely to 
become economic unless the fat content of the buttermilk is high. The 
buttermilks from the high-fat creams as churned in Newr Zealand are not 
likely to be separable to a fat content low^er than 0*4 per cent. In Tabh* XI 
the quantity of fatty materials in the day’s discharge of buttermilk of differ- 
ent fat contents from a 2,(KK)-ton butter-factory are list(*d. In the assumed 
standard buttennilk (see above : 0*8 per cent, of fat) tlie largest daily loss 
of fat to the buttermilk w’ould be 2171b. during November, and if 0*1 ])er 
cent, of the 0*8 per cent, fat l)e regarded as unrecoverable, the maximum 
])otential recovery of fat in any one day >vould be 108 lb., equivalent to 
130 lb. of butter. If separation of buttennilk were introduced in New’ Zealand, 
the buttermilk cream could jiossibly be best disposed of by inclusion w’lth 
w^hey cream, but even disposal in this way would be contingent on jiroof, 
by keeping-quality trials, that the keeping quality of the whey butter w’as 
not diminished. The maximum value of the day’s recovery, without allowing 
for costs of sejiaration or costs of reconversion to butter, would be 
130 X 1/2 = £7 11s. 8d. at the guaranteed price for whey butter. The 
total amount of recoverable butterfat, on the assumption that se})a ration 
was carried out only during the months August to May would be 22,727 lb., 
equivalent to 27,272 lb. or 244 ew’^t. of butter with a value of ajiproximately 
£1,635 at the basic price of 14 *39(1. per pound of whey butter. 

The price of a separator suitable for the separation would be, at 1946 
prices, £750, and this machine, running at half normal cajiacity to give 
improved separation, w’ould separate the 606,070 gallons of buttermilk in 
1,100 hours of running. On these as.sumptions, the cost of separation may 
be estimated as follows : — 

Interest at 5 per cent., and depreciation and maintenance 
at 10 per cent, on separator, pumps and fitting, cream- ^ 
cans, &c., at, say, £1,000 . . .. .. .. loO 0 0 

Power costs — 

Separator, 1,110 hours at 3 h.p. 

Pump, 1,100 hours at 1 J h.p. 

6,000 kWh. at Id. per unit . . . . . . 210 0 

Labour, say 1 man at 4 hours per day — 310 x 128. . . ISti 0 0 


£357 0 0 
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The margin left to cover cost of butter-manufacture from the cream 
would thus be £1,278. If, therefore, the separation could be satisfactorily 
achieved to the extent of recovery of 50 per cent, of the fat in the buttermilk, 
the process should be an economic one. 

Separation of the buttermilk would, however, introduce a certain amount 
of inconvenience into the running of the factory, and may involve the con- 
struction of additional buttermilk-storage space. Few butter-factories 
have buttermilk sumps of sufficient capacity to hold more than a small 
proportion of the buttermilk produced at the height of the season. The 
buttermilk as it flows from the churn is pumped direct to an adjacent pig- 
farm or to a large outside storage tank from which it is collected by the 
contracting pig-farmer. A hundred-box churn will deliver 700 gallons to 
800 gallons of buttermilk within a few minutes. Storage space would be 
required to hold the volume of buttermilk necessary to keep the separator 
running continuously from the commencement of separation until com- 
pletion of the buttermilk discharge from the day’s churnings. In this respect 
the position is rather more inconvenient than for the separation of whey, 
since whey is usually discharged from a series of vats in close succession, 
whereas the discharge of buttermilk in a large butter-factory may extend 
over six to eight hours. The cost of provision of extra buttermilk-storage 
capacity must be added to the estimated cost of separation cited above. 
The whole question requires investigation under New Zealand conditions 
before any conclusions can be drawn as to the practicability of, and the 
economic returns likely to be obtained from, the separation of sweet-cream 
buttermilk in our factories. 

Manufacture of Casein from Buttermilk 

Buttermilk casein cannot be other than of inferior quality, on account 
of the high fat content (up to 10 per cent.). The high fat content of the 
casein greatly restricts the possible uses. Casein is made from buttermilk 
by one butter-manufacturing company in Australia, and the casein is mixed 
with lactic casein and sold for manufacture of glue according to a special 
formula. For the making of the normal casein glu^s, however, buttermilk 
casein has been found to serve as little more than a filler, for which purpose 
bentonite may more economically and more conveniently be used(17). 
Casein is difficult to prepare from buttermilk, as the curd does not settle 
readily and the water is not easily pressed out. A steam injection method 
of preparation of casein from buttermilk has been used in the United 
States(18). The American workers report that the buttermilk casein is 
inferior industrially to skim-milk casein, but that it can be used if mixed 
with skim-milk casein. They state that the drying of buttermilk casein is 
deleterious and should be avoided if possible, and they consider its most 
suitable sphere of usefulness is in the manufacture of water-paints. If the 
buttermilk casein were to be used without drying for water-paints, the 
factory making the paint would have to be relatively close to the factory 
producing the casein and the volume of paint manufactured would fluctuate 
with the seasonal fluctuations in casein-production. Buttermilk casein has 
been prepared commercially in New Zealand, but the price obtained from 
the buyers overseas was unremunerative and its manufacture was abandoned. 
On the whole, it does not seem that casein preparation from buttermilk is 
likely to be a promising outlet for the utilization of buttermilk, and the 
problem of disposal of the casein whey would still remain. It seems prefer- 
able to seek an outlet for the buttermilk where the fat content will be a 
help rather than a hindrance. 



118 


The N.Z. Journal of Science and Technology [Aug. 


Condensing op Buttermilk 


In the United States, Rogers and his co-workers(19) developed a method 
of preparing from buttermilk a condensed product called “ semi-solid butter- 
milk ” which would maintain its quality on keeping. The buttermilk is 
warmed to 100° f,, and is then inoculated with a culture of a streptococcus 
and a mycoderm which, growing symbiotically, produce an acidity of 1*2 per 
cent, to 1*5 per cent, lactic acid in the buttermilk. This acid butter- 
milk is then condensed in a vacuum pan to approximately one-third of 
its volume, giving a semi-solid product. The product should have a fine- 
grain curd, and the final acidity should not be less than 4 per cent, lactic 
acid, which is sufficient to “ pickle ” the product— t.c., to prevent the growth 
of micro-organisms. 

As an economic means for the disposal of buttermilk the process has 
several disadvantages : (at) the cost of floor space and of vats for holding 
the buttermilk during fermentation and of the condensing-pan capacity 
required in relation to the returns for the use of the product for animal 
feeding ; {b) the packaging and transport costs of such a highly acid liquid 
product (the only suitable container is the wooden barrel) ; (r) the (;on- 
version of so much of the lactose to lactic acid reduces the feeding value 
of the buttermilk. 


The composition of semi-solid buttermilk is given by Hunzik(*r( (20), 
292) as— 


Total solids content 
Fat . . 

Protein 
Milk sugar 
Ash . . 

Lactic acid 
Water 


Per C‘cnt . 

•00 ~ 32-70 

•m) - 2*00 


The degree of concentration obtained is not very high. For such a bulky 
product the cost of containers and of internal transport, added to the cost 
of production, render the process economically unattractiv(i as an outlet 
for buttermilk. 

Sweet-cream buttermilk can be condensed to a concentrated product 
suitable for direct use by bakers or in the manufacture of ice-cream. In 
this form it may be shipped in cans or returnable barrels, thus reducing the 
container cost. 

The production of concentrated buttermilk products (as distinct from 
dried buttermilk) in the United States in 1943 was 73,6(X) tons. There 
is no record of the proportions of this quantity used for human food and 
for animal feeding respectively. The production of creamery butter in the 
United States in the same year was 746,900 tons. The weight of concentrated 
buttermilk products was thus approximately 10 per cent, of the weight of 
creamery butter made. 


Direct Utilization of Buttermilk for Human Consumption 

Buttermilk is an excellent food product and it is widely used for direct 
human consumption in liquid form. In many countries the buttermilk is 
sold in bottles by the milk-roundsmen. Capstick, for example(15), reports 
that an organization in Scotland (1937) was selling 1,700 gallons of liquid 
buttermilk daily, approximatey one-half in pint bottes for domestic use, 
and bne-half in larger quantities for bakers. Some of this may have been 
buttermilk from the churning of milk for buttermaking. Such buttermilk 
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is undiluted and has a high fat content and an excellent flavouf. Where 
a butter- factory is situated in or near a town, there seems to be a possible 
outlet for the direct sale of buttermilk to domestic consumers and to bakers. 
In Germany a certain amount of buttermilk is converted to a form of 
“ cottage cheese.” In New Zealand, however, cottage cheese is not a regular 
article of diet and any considerable utilization of buttermilk in this way 
could only be a gradual development. 

Where buttermik is to be used for human food, the system of collection 
from the churn would require some improvement over present methods. 
The buttermilk would have to be transferred direct from the churn chute 
through sanitary piping to a container vat. 

Drying of Buttermilk 

Buttermilk, especially the sweet-cream buttermilk obtained from the 
churning of daily collection cream, can readily lx* dried to powder form. 
According to the quality of the product, it may be used for human food or 
for animal-feeding ])urposes. In the United States in 1943 the production 
of dried buttermilk was 27,0(X) tons. During this year, as stated above, 
the butter- production was 746,900 tons. Hence, for each ton of butter 
made, 0*036 ton of dried buttermilk was produced. The buttermilk-j)roduc- 
tion per ton of butter made is likely to be greater in the United States than 
in New Zealand on account of the lower average fat content of the cream ; 
but, on th(* assumed value for New Zealand of 0*104 ton of buttermilk 
solids per ton of butter, it would appear that more than 30 per cent, of the 
buttermilk in the United States is converted to dry buttermilk. On th(^ 
same j)ercentage basis. New Zealand wcmld produce between 3,(XX) tons and 
4,0(K) tons of buttermilk powder. 

Method of Dr (/-buttermilk Production 

Buttermilk is not accumulated at a butter-factory in sufficient volume 
to maintain a spray-drying unit in continuous operation. The cost of a 
s[)ray-drying unit would therefore be too great fpr installation solely for 
the drying of buttermilk, unless supplies from several factories were pooled. 
Some buttermilk powder is prepared in New Zealand by the spray process 
during the early and later months of the season when skim-milk supply is 
not adequate to keep all the drying units in continuous oj)eration. For 
general butter-factory use, however, only drying by the roller process need 
be considered. 

The buttermilk is run into the trough between two steam-heated hollow 
cylinders which are kept in constant rotation, one cylinder revolving rather 
more rapidly than the other (see Fig. 4). The distance between the cylinders 
is adjustable and is so regulated as to leave a film on the roll which will dry 
during the period of rotation. The dry film is removed from the cylinders 
by means of a scraper or “ knife,” falls into a screw conveyor, and is carried 
to a grinder and sieve. The grinder beaters may be adjusted to give the 
desired mesh size of the finished product. The sieved juoduct is ready for 
immediate packaging. The production of a good-quality powder calls for 
a certain amount of skill and for continuous attention from the operator. 
The position of the knives relative to the cylinder surface must be carefully 
adjusted if, on the one hand, the film of dried milk is to be completely lifted 
from the roll, and if, on the other hand, the carefully machined surface 
of the cylinder is not to be scored and made uneven. Without careful adjust- 
ment the film may not be completely removed from the rolls, some browning 
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and burning of the residue will take place, and the powder will contain 
brown spgcks of bUrnt material. SucTi powder is suitable only for animal 
food. The knives are ufcually “ touched up ” daily by means of an oil-stone, 
and require regrinding after forty hours’ running. 

On the large scale it is more satisfactory to condense the buttermilk 
to a more concentrated product in a vacuum pan before drying on the rolls, 
but this is not necessarily so for a small plant as the cost of the condensing 
equipment is high. Drying of pre-condensed buttermilk gives a rather 
better product, as the film leaves the rollers more easily and there is less 
risk of burning the powder. 


Requirements for the Dryw^g of Buttermilk Rmder for Human Consumption 

The first requirement in the present-day butter- factory is a new system 
of collection of buttermilk from the churn to replace the present system 
of discharging to a sump via a floor drain. Some system of pumping from 
the churn chute through sanitary piping to an insulated storage vat is 
essential. This may slow down churning operations to a slight extent. 
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Fig, 4. — A twin-roller drier suitable for use in the drying of buttermilk. 


Storage vats capable of holding the greater portion of the day’s supply of 
buttermilk are necessary. If the drying capacity of the plant is not sufficient 
to dispose of the buttermilk within a few hours of discharge from the churn, 
the vats should be insulated to prevent rise of temperature and consequent 
bacterial deterioration of the buttermilk during the period of storage. They 
may quite conveniently be placed in the butter-room if space is available. 
The milk- drying room is best situated away from the butter-room, and, 
if possible, in a separate building, as there is a certain amount of dust forma- 
tion during the sieving of the powder. It is not desirable that this dust 
should be spread through the butter-factory, as it clings to ceilings, beams, 
and walls and encourages the growth of mould. Some of the modern grind- 
ing equipment attached to the drying rolls is designed to prevent the dis- 
semination of dust during the packaging. 
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Size of Plant required 

One of the chief difficulties in the economic production of dry buttermilk 
in New Zealand is the pronounced seasonal nature of the supply. A factory 
installing plant must choose between two alternatives : — 

(«) Installing sufficient plant to dry the j)eak production of buttermilk 
— the plant would then be running at full capacity for only a 
short period ; or 

{h) Installing sufficient f)lant to dry only a portion of the peak production, 
thus providing for the plant running at full capacity for a longer 
period. 

Each of these alternatives has certain disadvantages : - 

(<j) The cost of the installation is high relative to the yearly output. 
A normal-size twin-roll with preheater for warming the buttermilk 
before it reaches the drying roll, will dry about 1(X) gallons per 
hour. On the assumption that the plant can be kept running 
continuously for eighteen hours daily, the single roll will deal 
daily with 1,80() gallons of buttermilk. From the lines in Fig. 3 
it can be seen that, for the average factory taking care to avoid 
excessive dilution of cream during processing, one set of rolls 
would dry all the buttermilk from a l,5(X)-ton factory except 
during three to four months of the year, when 3(X) gallons to 
400 gallons of buttermilk would run to waste. If during this 
period the plant could be run for twenty-one to twenty -two 
hours daily, the whole of the buttermilk production could be 
dried on the one set of rolls. The plant would be running at full 
capacity for only these three to four months, unless skim-milk 
could be purchased to supplement the supply during the early 
and later months of the season. A two-roll plant would just dry 
all the buttermilk from a 2,500-ton factory, l>nt from a 3,(KX)-ton 
factory, up to 5(X) gallons of buttermilk would be run to waste 
during three to four months at the height of the season. A three- 
roll plant would just suffice to dry the buttermilk from a 4,(KK)-ton 
factory. If running the plant at night is to be avoided, the size 
of the drying-plant would have to be corre8})ondingly increased. 

(b) If the j)lant is installed to cope with only a portion of the supply, 
the excess supply becomes available at a time when pig feed is 
plentiful, and it is then difficult to dispose of. In most factories 
discharge into the drains would cause a serious drainage problem 
difficult to overcome. 


Space required for the Drying Equipment 

In the layout considered necessary for a two-roll plant, a space of 
25 ft. X 25 ft. is alloted for the accommodation of the drying and sifting 
machinery. A three-roll plant would require an extra width of 10 ft. to 
12 ft. (see Fig. 5), and a four-roll plant can be installed in a building 45 ft. 
wide. The length of 25 ft. would be sufficient for the drying and sifting 
machinery in all these sizes of plants, but extra length would be required 
for preheating or condensing plant if these are included, and for storage 
vats if these are not installed in the butter-room. The vat and preheater 
accommodation required calls for a further 15 ft. X 25 ft. of floor space, 
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ai'ea can be correspondingly reduced. 
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making?, for a two-roll plant, a building measuring 25 ft. X 40 ft.* In 
addition, a room for storage of containers and of buttermilk powder, as 
large as may be thought necessary according to the speed of disposal after 
production, is required. This room should be sej)arated from the drying- 
room by a damp-proof wall, since buttermilk powder in sacks readily absorbs 
water from a damp atmosphere. 


Boiler Capacity required 

The boiler capacity required depends to some extent on the system of 
drying adopted— c./y., return of the hot condensate under j)nissiire from the 
rolls to the boiler increases the steaming capacity of the boiler by 25 j)er 
cent. A single roll with belt drive, on steam-engine power, may require 
a 30 h.[). boiler for running at 100 gallons per hour. When electric-motor 
power is used, the boiler capacity required would be 15 h.p. With a pre- 
heater a somewhat greater boiler capacity is needed, but this is reflected 
in greater output. 

The boiler capacity for operation of a roller drier is thus very considerable 
and few butter-factories will have this spare capacity during the daytimi^ 
when vacreator treatment of the cream and reception of the cream and can- 
washing are jiroceeding simultaneously. After the completion of cream 
reception, by which time also the churns are cleaned and sterilized, spare 
steam from the boiler is most likely to be available. It is desirable that if the 
factory boiler is to be used there should be spare steam over and above that 
needed for treatment of the cream sufficient to maintain a boiler pressure 
of not less than 65 lb. jier square inch to the drying unit. Otherwise in the 
flush months of the year the time of operation of the plant may be restricted 
by the necessity for extended treatment of the cream, or, alternatively 
the grade of the butter may suffer through undue speed of treatment in order 
to supply the demands of the drying plant for steam. The use of the butter- 
factory boiler has the further disadvantages that (a) the boiler would be 
running continuously day and night, and the necessary opportunity for 
blowing down and for cleaning out the grate or repairs, to the fire-bars would 
be lacking. It is safe to say that with present-day fuels and working con- 
ditions a periodic break in the operation of the boiler would be necessaiy ; 
and (//) the re-use of condensed .steam from the drying rolls may lead to the 
introduction of off-flavours xm the steam to the cream, and so aflect the 
butter quality. The circuit for the return of condensed steam is however, 
totally enclosed, and if it is kept in good repair the danger of contamination 
of the steam should not be serious. 

It is clear that for ojitimum service to butter-factory and drying unit 
a separate boiler is desirable, unless the plant size is arranged so that the 
drying can be completed and still leavT the boiler free for a few hours 
periodically. For economy of labour during the operation of the plant at 
night it is desirable that the drying plant should not be placed at any great 
distance from the boiler-room. One operator can attend to as many as four 
drying rolls, but constant supervision is necessary, and any prolonged absence 
for attention to the boiler may lead to the production of second-grade powder. 
The installation of a separate boiler would make it possible to run the drying 
plant during the flush months for a longer period than eighteen hours and 
so increase the ability of the plant to dispose of the flush suj)ply. 

* These dimensions would provide ample room. Where necessary to fit into space 
already available, the plant could probably be installed in less space than that set out 
above. 
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Packaging of Product 

For local sale for human food or for animal food the buttermilk powder 
may be packed in hessian bags with paper liners. In Australia, liners of 
water-proof “ Sisalkraft are used for powder for human consumption, 
and paper liners for powder for animal feed. The powder is very bulky. 
The 84 lb. packed in each bag occupy 5 cubic feet, and the bags used are 
40 in. long x 17J in. wide. 

For export, the “ Sisalkraft liners may be satisfactory, but it seems 
possible that packaging in tins may be necessary, as for whole-milk and 
skim-milk powder. 


Compofiition and Food Value of Dried Buttermilk 

Dried buttermilk contains a higher proportion of fat than dried skim- 
milk. The actual fat content depends on the fat losses in churning. As, 
however, the butterfat is more valuable in butter than in dried buttermilk, 
the aim would naturally be to maintain as low a fat loss as possible. With 
a fat content of 0*8 per cent, in the buttermilk, the percentage of fat in the 
dried product would be 10 per cent., compared with 1 per cent, to 1*5 per cent, 
for skim-milk powder. The extra fat content renders the product rather 
more valuable as a human food. Where, under recent legislation, city 
milk-prices have to be paid for butterfat for ice-cream manufacture, the 
fat in dry buttermilk is a valuable constituent. Thomas and Combs(21) 
found that sweet-cream roller-process buttermilk powder gave better whip- 
ping properties to an ice-cream mix than skim-milk powder, and the resultant 
product was more stable. However, the outlet for dry buttermilk for 
manufacture of ice-cream in New Zealand is limited and is variable according 
to the climatic conditions. Fresh buttermilk powder should be equally as 
good as skim-milk powder for use in bread. 

The composition bf buttermilk powder is likely to be variable, as already 
stated. The figures given in Table XII represent an average analysis. 
Corresponding figures for an average meat meal are given for comparison. 


Table XII. — Composition of an Average Buttermilk Powder and a Good-quality 

Meat Meal 


Constituent. 

Buttermilk. 

Meat Meal. 


Per Cent. 

Per Cent. 

Moisture 

40 

100 

Fat . . 

100 

18*0 

Protein 

350 

670 

Lactose 

42-2 


Acidity 

0*8 

• » 

Ash . . 

8-0 

50 


The moisture content of buttermilk powder is usually somewhat higher 
than that of skim-milk powder, as buttermilk powder is more hygroscopic, 
but the general rule holds that the higher the moisture content, the lower 
the keeping quality of the powder. The milk powder from neutralized- 
cream buttermilk also takes up moisture more readily than powder from 
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sweet-cream buttermilk. The high content of fat renders the dried butter- 
milk more susceptible to decomposition during storage than dried skim- 
milk. This is accentuated by the conditions of pre-treatment of buttermilk 
as compared with skim-milk, which is usually delivered twice daily for 
drying. The temperature of storage of the powder has an important effect 
on the keeping quality. Davi8(22) found that even buttermilk powders 
from sweet cream deteriorated very seriously in flavour and colour when 
held in sealed containers for one year at room temperature, and the flavour 
deterioration was still very marked when the samples were stored in a 
refrigerator at 35° f. to 50° f. Buttermilk powder for human consumption 
is therefore a product which should have a fairly steady and consistent 
outlet if there are not to be losses through deterioration in quality. There 
is no reliable evidence as to the length of time dried buttermilk from sweet 
cream will remain in edible condition. For any one sample this time will 
vary with the temperature of storage and the type of packaging, and there 
would be variations according to the quality of powder itself at time of 
manufacture. Poor-quality dried buttermilk has a distinctly objectionable 
flavour, and the delivery of old and deteriorated powder may spoil the market 
for good-quality powder. Dried buttermilk will keep in a condition suitable 
for use as animal food over a considerable period of time if the storage con- 
ditions and packaging are satisfactory, but stale buttermilk powder should 
he kept well away from the butter-room. Buttermilk })owder kept in sacks 
tends to cake and harden, and this may cause inconvenience in the use of 
the powder for animal food. Such hardened powder may require grinding 
and sie\dng before it can be used. Some users of buttermilk powder for 
poultry feeding make a practice of transferring the powder from the sacks 
to airtight tins immediately after receipt. 


Disposal of Butter milk Powder 

(a) The Export Market.— The future market jmsition for all dried-milk 
products is uncertain and it is not possible to provide any very reliable 
guide to the situation. There is at present, during the period of world food 
stringency, a ready demand for all types of food, but the world production 
of dried milk has been greatly increased during the war years and it is 
difficult to foresee how far this increased production will eventually overload 
the civilian market. Leonard{23) reports, for example, that the post-war 
production capacity of the American dry-milk industry is 1,250,000,0001b. 
(560,000 tons) and that the domestic market had consumed in pre-war 
yeArs only about 450,000,0001b. (200,000 tons). Leonard states that the 
excess is available for export and that plans were being made for the develop- 
ment of the export market. Dried-milk production has increased also in 
other countries, particularly Australia, Canada, and Great Britain, but 
the figures are not at present available. Of the skim-milk powder sold in 
United States, Leonard reports that bakers take 55 per cent., ice-cream 
manufacturers 14 per cent., and the meat industry 6 per cent. If dried 
milk can be sold on the Eastern market, the absorption of the present world 
supply would be assured and there would be room for further expansion 
of production in New Zealand. 
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Dried buttermilk is a less suitable product for export than skim-milk 
powder. If a wider exj)ort market for skim-milk powder does- not develop, 
however, the sale of buttermilk powder in New Zealand for human food 
will have to meet the competition of skira-milk powder, and it is difficult 
to estimate how much will be easily saleable. There is apparently a market 
in Australia for buttermilk powder at £35 to £40 per ton f.o.r. Melbourne, 
but the present indications are that packaging in tins might be necessary. 
Also, during the war and the present food emergency much of Australia’s 
skim-milk powder has been commandeered for export and the demand 
for the powder locally in Australia has exceeded the supply. When this 
position is changed there may be less demand for buttermilk powder. If, 
however, buttermilk powder is preferred to skim -milk powder on account 
of its higher fat content, the quality of powder obtained from New Zealand 
sweet cream should be eminently suitable for the market. The keeping 
quality of buttermilk powder under export conditions of transport requires 
careful exploration. 

(/>) The Local Marhef. — The consumption of concentrated milk products 
in New Zealand in the year 1945 was as follows : — 

Tons. 

Whole-milk powder . . . . . . . . 800 

Skim-milk powder . . . . . . . . 2 , 300 

Evaporated milk (unsweetened) . . . . . . 200 

Condensed milk . . . . . . . . 1 , 800 


These figures are probably higher than the normal peacetime consumption 
owing to the use of the })Owders for the making of Army biscuits. The 
total yearly jnoduction of milk powder in New Zealand at the j)re8ent time 
is about 1(),()0() tons. It is clear, therefore, that the amount of dried butter- 
milk that may be able to edge its way into the present market is not very 
large. A 2,C0()-ton butter-factory will produce roughly 200 tons, of which 
about 150 tons might be suitable for human consumj)tion. There is the 
possibility that dried buttermilk may find a market other than the present 
market provides. At the present time the W'heat Research Institute are 
comj)aring the use of dried buttermilk and dried skim -milk as an addition 
to bread. If New Zealand used dried milk in bread in about the same jiro- 
portion as in the United States, the amount used in this way would be about 
1,8(K) tons. No doubt a considerable proportion of the 1,8(KI tons of skim- 
milk powder used in New Zealand is used in breadmaking, but there is no 
available indication of the exact quantity so used. The total amount of 
flour used for all purposes by bakers in New Zealand is 107,(XX) tons. If 
4 per cent, of milk powder were used in all this flour, the total consumption 
for breadmaking would be 4,280 tons. 

Condensed milk or milk powder is required for ice-cream making. The 
quantity of milk powder used for ice-cream in New Zealand is 3(X) tons to 
4(X) tons. Other things being equal, buttermilk powder should command 
a premium over skim-milk powder for this jiurpose on account of the higher 
butterfat content. One pound of buttermilk powder will contain 0*1 lb. 
of butterfat, which has to be purchased by ice-cream makers in city areas 
at city milk-prices. The value of this butterfat to them is, at their prices, 
not less than 2d. j^er pound of milk powder. The size and steadiness of the 
market is, however, all-important on account of the effect of age, and 
especially of high storage temperatures, on the quality of the powder. With 
a break in the steady stream of disposal, loss may be incurred through 
deterioration of the state of powder from human-food to animal-food quality. 
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Utilization for Animal Feeding 

There is a market for a certain amount of buttermilk powder for animal - 
feeding purposes — e.g,, for inclusion in poultry rations, for calf feeding, and 
possibly to some extent for })ig feeding. Capstick(15) reports that most of 
the dried buttermilk made in England is used for inclusion in cattle foods. 

(a) Poultry Feeding . — The inclusion of some milk f)owder in a })oultry 
ration appears to have a beneficial effect on the health of the poultry, 
although Hart and Stuart(24) in a comparison with a non-milk-containing 
basal ration found only slight increases in growth and egg- production, not 
sufficient to cover the extra cost of the milk ])roduct. Many commercial 
poultry-keepers add 5 per cent, of milk jiowder in the mash, and up to 12 per 
cent, m the mash for the raising of chickens. In Australia and the United 
States many of the ready prepared poultry mashes contain buttt»rmilk 
powder. The total number of fowls in New Zealand is 4,()(K),(M){) and the 
consumption of mash jier fowl may be taken as 40 lb. On the calculated 
addition of 5 per cent, of milk powder to the mash for all the fowls in the 
country, the total requirement in milk powder would be 8,()()(),()00 ])).— 
V.c., roughly 3,5(K) tons. Many of the fowls, however, are kept on farms with 
access to liquid skirn-milk, and it would not be expected that the use of the 
jiowder would be universal even among commercial poultry-keepers. It 
should be [lossible, howev'er, to increase the utilization of milk }) 0 wder for 
poultry feeding to as much as 1,CKK) tons yearly if the price were not too high. 
It is not possible to estimate the immediate probable consunqition. 

(h) Calf Feeding . — It is well knowui that skim-inilk can be used for the 
feeding of calv(*s after they have been given whole milk for a few w(»eks. 
This skim-milk is already available on the majority of New Z(*aland dairy- 
farms — viz., those supplying butter-factories — and there would be no call 
for buttermilk powder for calf feeding from butter-factory suppliers, (.’heese- 
factory suppliers have no skim-milk available on the farms, but a number 
use whey with meat meal or some other calf meal as a substitut(‘. If the 
jirice is not too high, there may eventually be a demand from cheesi'-factorv 
su})pliers for buttermilk jiowder for calf feeding. ^Suppliers to cheese- 
factories selling the whey for lactose-manufacture are likely to use whey 
mother liquor in jireference to dried buttermilk. The supjiliers to dried-milk 
factories and to coiulenseries have no dairy by-products left on the farm, 
and, in the absence of any powder of second-grade quality from their own 
factories, are likely to use a certain amount of buttermilk powder for calf 
feeding. For the feeding of all calves on farms supplying milk-concentrating 
plants for three months at the rate of 1 lb. to 1 \ lb. of powder daily (equivalent 
to 1 gallon to gallons of skim-milk) the total buttermilk powder require- 
ments would be of the order of 4(X) tons to 5(K) tons annually. It seems more 
likely, however, that the cheaper meals now in common use would not be 
wholly displaced hy dried buttermilk, and the amount likely to be called 
for from suppliers to dried-milk factories would not be more than 2(K) tons 
to 300 tons. There should also l)e a demand from sup])liers of the local 
liquid-milk market, especially during the autumn and winter months when 
milk is in short supply, and a surplus is not likely to be available on the 
farms for separation. Details of the number of cows calving during the period 
March to August for supply to the local milk market are not available, but 
from figures of milk suppliers to the Auckland district, as quoted by the 
Milk Commission, it may be estimated (roughly) that the number would not 
be greater than twenty thousand to thirty thousand, and the call for butter- 
milk powder for calf feeding for these herds w’ould not be greater than 150 tons. 
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The probable total demand for calf feeding is thus not likely to exceed 
450 tons, and the maximum demand for this purpose would appear to be in 
the region of 800 tons. As stated earlier, the demand would be related to the 
price of the powder in comparison with the price of other sources of feed. 
Buttermilk powder at £25 per ton would be equivalent to about 24d. per 
gallon of skim-milk. 

The demand for calf feeding would be greatest in August, September, 
and October. The production during these months is likely to be of poorer 
quality suitable for animal feeding. If, however, the total production for 
the year was suitable only for animal feeding, the greatest volume of 
production — i.e., in November, December, and January — would occur at 
the time of lowest demand, and the time of longest storage would coincide 
with the time of highest storage temperatures. 

(c) Pig Feeding . — The demand for dried buttermilk for the feeding of 
pigs would depend on the price of pig meat and on the availability of meat 
meal. The cost of production of dried buttermilk, as shown later, is fairly 
static, independent of the prevailing standard of prices, whereas the price 
of pig meat may be such that it is not possible to recover the cost of buttermilk 
powder purchased at this price for pig feeding. Meat meal which has a 
higher protein content than dried buttermilk, and may be said to be a 
slightly more concentrated animal food, is usually sold at little more than 
half the cost of dried buttermilk. For pig feeding, therefore, dried butter- 
milk is likely to prove much less attractive than meat meal. There is no 
means for estimating the likely demand for dried buttermilk for pig feeding. 

The likely demand for dried buttermilk for poultry, pig, and calf feeding 
in New Zealand is thus difficult to assess, and no very reliable estimate can 
be given to dairy companies considering the installation of a buttermilk- 
drying plant. It is possible that there may be an overseas market for the 
product for animal-feeding purposes — e.g., for calf feeding in Great Britain, 
where the greatest proportion of the milk is used for the liquid-milk market. 
The whole question of packaging for export, however, requires some 
clarification. Without a suitable waterproof package, dried buttermilk 
would cake and deteriorate in flavour under the warm humid conditions 
in the Tropics. 


Yield of Buttermilk Powder 

In the production of buttermilk powder a certain amount of loss takes 
place through spillage of the liquid buttermilk and through wastage of the 
finished product. On the other hand, the powder as produced contains 
3 per cent, to 5 per cent, of water. On the assumed basis of 0*104 ton of 
buttermilk solids in the buttermilk discharged per ton of butter, it could 
be expected that the buttermilk powder recovered would be of the order 
of 0*10 ton per ton of butter, or 10 per cent, of the weight of butter churned. 


Cost of the Installation for Drying Buttermilk 

It is not possible to present any universally applicable statement on the 
cost of an installation for the drying of buttermilk. The cost will vary 
according to the layout adopted, the distance of the drying-room from the 
butter-room, the type of building erected, the type of vat used for holding 
the buttermilk, the measures required to be taken to provide the boiler 
capacity, and a number of other factors. From the information available, 
however, it is possible to give some indication for a plant of a postulated 
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size. For purposes of this discussion, a two-roll plant will be taken and 
the prices will be those quoted by a well-known supply house for present 
delivery (Table XITl). 


Table XIIT. — Approximate Estimated Cost of a Two-roll Drvino Unit 


Building, 25 ft. x 40 ft. — Hufficient to house 1 

lolding vat, preheater, 

t 


fl 

and drying units, but not for storage of powder 

: 1, (KM) square feet, sav 

1 

0 

0 

Two twin-roller drying units with electric drive, at £1,020 each . . 


2,040 

0 

0 

One electrically driven knife grinder 



140 

0 

0 

One sifter and grinder and motor drive 



S.’) 

0 

0 

One preheater 



100 

0 

0 

One motor-driven milk-pump 



35 

0 

0 

Two cowls and ventilat(»r shafts 



240 

0 

0 

Two sets bins 



55 

0 

0 

C/Ollector trays for collection of buttermilk from churns, with 

large- 




capacity pump and motor and starter an<l 

sanitary tubing. 

taps, 




unions, &c., say 



3(M) 

0 

0 

One holder vat for buttermilk, say . . 



300 

0 

0 

Foundations, piping, fittings, say 



200 

0 

0 

Electrical installation, say 



l.)0 

0 

0 

Labour of installation : Two men for eight weeks 



2S0 

0 

0 



£ 

5,425 

10 

0 


It seems })robable from the above schedule that, with various secondary 
costs such as railajje, cartage, and sales-tax, a two-roll })laiit would cost 
not less than £6,(XK) without allowance for cost of the boiler. If a special 
boiler, stoker, and boiler housing were required, the total extra cost would 
be about £1,5(X), making a total coat of £7,5(X). 

A two-roll [)lant would produce from a 2,5(X)-ton butter-factory about 
220 tons of dried buttermilk (allowing for some wastage during the flush 
months). On an installation cost of £7,5(X), allowance for interest at 
r> per cent, and for depreciation and maintenance at 10 [>er cent., N\ould 
amount to £1,125 annually, or roughly £5 j)er ton of dried ])roduct. 


Worklmf Costs 

The working costs are difficult to assess with any certainty, on account 
of the variability of the labour costs. A two-roll plant making dried milk 
for human food should be under fairly constant supervision, and this would 
only be possible if an operator were detailed to the work. With two sets 
of rolls running for nineteen hours per day and drying 1(X) gallons jier hour, 
the maximum total jiroduction, if every care were taken in the butter- 
factory to reduce dilution, would be 1 ton 7 cwt. of powder. With 
allowance for three men each working eight hours daily to cover the 
drying and cleaning, the wages costs for operation alone would be about 
£3 10s. per day, without allowances for cartage, overhead administration, 
and other sundry costs. During the early and later portions of the 
season, also, the production per roll would be much smaller, giving higher 
wages costs per ton of powder. For all these working costs, therefore, it 
j^eems necessary to allow as a minimum £5 per ton of powder. 

6 — Science. 
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Fuel and Power Costs 

The fuel requirements for running a roller drier vary with the system 
adopted — e.g., a pressure pump returning condensate from the rolls to the 
boiler effects a very considerable reduction in fuel required. For use of 
steam for drying and other purposes in the plant the steam requirement 
is not likely to be lower than IJ lb. of steam to evaporate 1 lb. of water 
from the buttermilk. On this basis and with allowance of 5 lb. of steam 
produced from 1 lb. of coal, it would take 2*7 tons of coal to produce 1 ton 
of powder from buttermilk containing 8*5 per cent, of total solids, 2*9 tons 
from buttermilk containing 8*0 })er cent, total solids, and 3*2 tons from 
buttermilk containing 7*5 per cent, of total solids. 

The cost of fuel naturally varies with the locality of the plant, due to 
variation in transport costs. At £2 per ton for fuel at the bunker, the find 
costs become £5 8s. to £6 8s. per ton of powder according to th(» total solids 
content of the buttermilk. 

The power requirements for a normal twin-roll with pumps and grinder, 
all electrically driven, are approximately 15 h.j). Taken at 10 units of 
power per hour at Id. per unit, the cost for power becomes lOd. for the 
powder from 100 gallons of buttermilk — 2 .e., for 85 lb. of dried product — 
or 22s. per ton. 


(hsf of Packaging 

Dried buttermilk is a bulky article and it easily absorbs water vapour. 
For use as an animal food it may be packaged in })aper-lined sacks. For 
use as human food, if consumption is not unduly delayed, the same type 
of package may be used ; but for export under the humid conditions of 
sea transport it may be found necessary to package in tin containers. 
The packaging costs would thus depend on the destination of the product. 
Packaging in paper-lined sacks would cost a})proximately £4 per ton of 
powder. 


Summary of Estimated Costs of Production^ 


The costs of production j)er ton of powder, as estimated above, may now 
be listed : — 


Interest and depreciation 




£ 

. . r) 

M. 

0 

a. 

0 

Labour 

, . 



.. 5 

0 

0 

Fuel 




.. 6 

0 

0 

Power 

, , 



.. 1 

2 

0 

Packaging . . 

•• 



.. 4 

0 

0 





£21 

2 

0 


The actual cost of producing the powder would thus appear to be in 
the neighbourhood of £21 per ton at the factory, without allowance for 
any value for the buttermilk, and assuming that there is very little dilution 
of the buttermilk during processing at the factory. In the early and later 

* These estimated costs may be compared with those quoted by Hunzikor(20) for 
American conditions on the basis of production of 70 tons of finished product — Steam : 
1,500 lb. to give 100 lb. of powder. At 5 lb. steam per pound of coal, this is equivalent 
to 3 tons of coal per ton of powder. Power : 6| kWh. per 100 lb. of powder, or 160 units 
per ton. Labour: i hour per 100 lb. of ponder, or 11*2 hours per ton of powder. 
Depreciation ; 10 per cent. Interest : 6 per ceht. 
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months of the season, when water may be added with the steam for 
washing out of cans and when the rinsings form a larger proportion of the 
total volume of cream, the cost would undoubtedly be higher })er ton of 
powder owing to the increased dilution. 

The present value of buttermilk, on the average for all factories in New 
Zealand, is 2s. lOjd. })er ton of butter or £1 10s. per ton of dried butter- 
milk. For factories owning their own j)ig-farms the average return for 
buttermilk was 5s. per ton of butter, equivalent to £2 10s. ])er ton of dried 
buttermilk. If the above estimates are sound for any one factory, it would 
then be necessary for the factory to receive an average of at least 
£23 10s. per ton of buttermilk to equal the present returns from direct 
disposal of buttermilk without drying. The present margin for sales costs 
of buttermilk powder is £5 ])er ton, which would bring the retail price to 
£28 10s. per ton. The present retail price of the powder for animal-feeding 
purj)oses in New Zealand is 3d. per pound, or £28 j)er ton. 


Disnission ami Snnmary 

It seems clear that if buttermilk powder can be sold for human food at 
not less than £30 per ton at the factory, the drying of buttermilk should 
be profitable. A steady demand is desirable to eliminate long storage, 
which may cause deterioration from human-food to animal-food quality. 
In any plant the [)roduction of a proportion of the output as animal-food 
quality can scarcely be avoided. 

The extent of the ju’esent market for dried buttermilk for use as human 
food is uncertain. The total local consumption of dried-milk products does 
not offer any very extensive scope for the expansion of dried-buttermilk 
production, but it may be possible to expand the market. Dried butter- 
milk from sweet cream has the advantage over skim-milk pow'd(‘r that it 
has a higher fat content, and this may affect the relative* demand for the 
two products. 

The cost of producing dried buttermilk will vary with the size of the 
])lant, the system adopted, the location of the jilant, and the degree of 
dilution of the buttermilk with water, but as a rough guide it apjiears that, 
for the drying of buttermilk for animal feeding, a price of at least £23 lOs. 
would be required at the factory to equal the present returns from the sale 
of liquid buttermilk. Sale of a certain amount of dri(*d buttermilk at this 
price, plus selling charges, for the feeding of calves and jioultry seems 
likely. It is uncertain how much demand there w^ould be for dried 
buttermilk for the feeding of pigs. 
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STUDIES ON THE NEUTRALIZATION OF CREAM 
FOR BUTTERMAKING 

VII. NEUTRALIZATION IN PRACTICE IN THE BUTTER-FACTORY 

By F. H. McDowall, Dairy Research Institute (N.Z.), Department of 
Scientific and Industrial Research, Palmerston North 

[Received for puldiration, Hth May, 1940] 


Summary 

Owing to the effect of carbon dioxide on the initial acidity titre of cream, the 
theoretical factor (the amount of lactic acid neutraUze<l by 1 lb. of so(lium 
bicarbonate) — viz., 1*07 — for calculation of quantity of sodium bicarbonate 
neutralizer to be added is too low. The Valentine factor (1*2) is soimd for 
low-acid creams, but too high for high-acid creams. A chart is presented based 
on a graduated transition from the factor L2 to the factor 1*10 as the degree of 
acidity reduction required is increased. Where measurement of cream samples 
for acidity titration is by volume, calibration of the neutralizing vat should also 
be by volume. 

The neutralization of cream for buttermaking has already been discussed 
from a number of the more theoretical aspects (1, 2, 3, 4, 5, 6). The present 
and*concluding paper in the series deals with the application of the principles 
previously discussed, in butter-factory practice. 



1946] McDowall. — Studies on Neutralization of 133 

Cream for BurrERMAKiNo 

Neutralization Chart 

It has been shown(5, 7) that the carbon dioxide jiresent in the cream when 
received affects the acidity of the cream in the titration with alkali before 
neutralization, but does not absorb any neutralizer as it is lost alonj^ with 
the carbon dioxide formed from the sodium bicarbonate during the 
pasteurization of the cream. Flash -pasteurization of fresh cream without 
a neutralizer added results in a reduction in the acidity of the cream due to 
loss of carbon dioxide. It has been jiointed out also that the Valentine 
factor for calculation of quantity of sodium bicarbonate to be added to 
cream for any desired acidity reduction(8) is at variance with the factor 
calculated from the equation — 

NiiHCOh H UHa.i’HOH.COOH -- Na0.(’0.(’H(0H).(’Ha COjj ^ K^O 

(aoUiuiii bicarboimtp) (laHir u<‘id) (nodiuiii lartatr) (carbon dioxide) (water) 

According to this equation, 1 lb. of sodium bicarbonate should neutralize 
1*07 lb. of lactic acid, whereas the Valentine factor, based on trials of cream 
neutralization in butter-factories, allows a neutralizing caj)acity of 1*2 lb. 
of lactic acid })er pound of sodium bicarbonate used. The 12 per cent, 
variation of the Valentine factor from the theoretical has been shown to be 
due to the effect of the loss of carbon dioxide originally present in the cream 
in giving a reduction in acidity without absorbing neutralizer. The Valentine 
factor gives accurate results for the neutralization of sweet cream as the 
acidity due to carbon dioxide in the cream re}>re8(mts an ap})reciable 
])roportion of the total acidity of the cream. When the cream is of high 
acidity, the carbon dioxide content is also higher than for fresh cream, 
due to the production of carbon dioxide by the lactic-acid l)acteria (see (3), 
}). H21 ; (9) p, 147), but generally the proportion of the acidity titre due 
to free carbon dioxide becomes lower the higher the initial acidity of the 
cream. There is not, therefore, any single factor for calculation of quantity 
of neutralizer to be added which is valid for. all types of cream. In Talile I 
an attempt has been made to provide a chart which will make a graduated 
allowance for the effect of carbon dioxide in the cream on the acidity titre 
of the cream and therefore on the calculation of the quantity of neutralizer 
to be added. 

It is assumed that the linal acidity desired is (H)8“()*l() per cent, of lactic 
acid.* For acidity reductions of up to 0*12 per cent, lactic acid the Valentine 
factor is used. Thereafter a gradual change of the factor is introduced, with 
increase in desired acidity reduction, until at a desired acidity reduction of 
above 0*24 per cent, lactic acid the factor is not varied from 1*10. This final 
3 per cent, variation from the theoretical corres])ond.s fairly closely with the 
effect of the increased carbon dioxide content of high-acid creams on the 
acidity titre. The chart has been tried out in a number of factories using 
flash-pasteurizers and has been found to give reasonably uniform results. 
On account of the natural variation.s in the carbon dioxide content of creams 
of any one acidity a neutralization chart accurately applicable to all creams 
is not obtainable. 

* If the final acidity ilesired is very low, 0-01-0-04 per eoiit. lactic acid, the carbon 
dioxide is not completely driven off during pasteurization. 
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Boiling of Cream before Estimation of Acidity 
The effect of carbon dioxide on the initial acidity titro can he eliminated 
if the sample of cream after being measured for the acidity titration is first 
boiled for a short time, as recommended by Newman and Wiley(9). This 
])rocedure is troublesome in factory practice, and witli acid cream causes a 
curdling of the cream, with the result that the eiKl-[)oint colour differs 
considerably from the end-point colour obtained with uiicurdled cream. 
When the cream is boiled before titration the factor used for calculation of 
amount of sodium bicarbonate to be added should be the theoretical value — 
viz.. Ill), of sodium bicarbonate per l-()7lb. of lactic acid. In practice, 
exce})t with very gassy creams of high acidity, a type seldom encountered 
in New Zealand in any quantity, the allowance madt*. in the chart will be 
found to give a sufficiently accurate assessment of the effect of the carbon 
dioxide })rescnt, especially if the acidity aimed at is ()*08-()-10 per cent., 
since a slight variation from the desired acidity within this range is of little 
consequence to the quality of the butter. 

Addition of Neutralizek to Vat 

(g) Pre/Jd ration of Sodium Bicarbonate Siocl Solution. — The quantity of 
neutralizer to be added should be measured with care. It may either b(‘ 
weighed in solid form, and dissolved in twenty times its weight of water 
before addition to th<* cream or, alternatively, a larg(' batch of stock solution 
may be prepared in diluted form. It i^* not possible to prepare a strong 
solution of sodium bicarbonate on account of the low solubility in water — 
i.e., 9‘6 parts in ICK) ])arts of water at 68° F. If th(‘ water is warmed to 120° F. 
a solution containing 10 lb. of sodium bicarbonate in 90 lb. of water, or 
inulti})les of these amounts, can be prepared, and the bicarbonate will remain 
in solution at ordinary summer temperatures. With this stock solution the 
weight required will be that shown in the chart, multiplied by 10. The stock 
solution should be mixed with an equal volume of vrater before addition to 
the cream. 

(5) Use of Sodium-bicarbonate - Smlium-carhonate Mijctures. —The use of 
sodium bicarbonate with high-acid cream results m tin* liberation of large 
amounts of carbon dioxide which may cause trouble from excessive frothing 
in the neutralizing-vat, and which may lower the va('uum obtainable in the 
vacreator. With cream of this type it is preferable to use a mixture of 
sodium carbonate and sodium bicarbonate. Prejiared mixtures, or doubh‘ 
compounds, of these neutralizers are available as sodium sesqui-carbouates, 
but the charts supplied with them by the manufacturers are usually based 
on the theoretical amounts required according to the chemical equation 
for the action of the neutralizer on lactic acid, and do not inak<» any allowance 
for carbon dioxide content of the fresh cream. In ])reference to the use of 
special neutralizer mixtures it will be found less expensive and equally satis- 
factory to prepare a stock solution from sodium bicarbonate and soda ash. 
Four pounds of soda ash and 4 lb. of sodium bicarbonate added to 103 lb. of 
water will give a stock solution of the same neutralizing capacity as the 
above bicarbonate stock solution, and the weight required can be read from 
the chart by shifting the decimal ])oint one place to the right. This stock 
solution also should be mixed with an equal volume of water before addition 
to the vat of cream. 
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(c) Method of Addition of Neutralizer to Vat, — In New Zealand, where 
the cream is mostly of low acidity, it is customary to add the neutralizer 
solution from a -bucket or by means of a spray while the cream is being 
stirred. The stirring should be vigorous in order to avoid local concentration 
of neutralizer in contact with the cream. Hunziker recommends adding the 
neutralizer through a watering-can sprinkler. In Australia, where the 
quantities of neutralizers required are normally much greater than in New 
Zealand, various devices have been fitted to the neutralizing- vats to give a 
slow addition of neutralizer solution—c.i^., the neutralizer is added to a 
trough which extends along the length of the neutralizing-vat and is allowed 
to flow out slowly through holes in the bottom, the cream being stirred during 
the addition, or a container is fitted at the side of the neutralizing- vats with 
pipe connections and taps to a perforated pipe along the length of each vat. 
In some factories the water and solid neutralizer are added to the container 
and solution hastened by injection of steam. The neutralizer solution, 
however, is best added cold to the cream. Heating of sodium bicarbonate 
converts it to sodium carbonate. 

(d) Mechanical Stirrers in the Neutralizing- mts, — Some form of mechanical 
stirrer is an advantage as it aids the liberation of carbon dioxide. If the 
cream is of very high acidity, however, the loss may be accompanied by 
production of so much froth that the cream flows over the top of the vat. 
The coil-type neutralizing-vats in use in Australia give excellent stirring of 
the cream, but if used to heat high-acid cream to which neutralizer has been 
added may also cause trou})le through the production of too much froth. 


Design of Neutralizing-vat 

The neutralizing- vat is generally of a long, narrow shape, in order to give 
capacity without taking up too much space near the stage. When the cream 
is run from a tipping-vat by gravity, or is pumped through a header-line of 
pipes, this point is of little importance, and the design of vat may be arranged 
to suit the space available. It is important, however, that the vat should 
have a good slope to the outlet, and that the outlet should be of the well 
type. In the churning of cream one of the most imjwrtant causes of increase 
of fat loss in the buttermilk is dilution of the cream in processing, and some 
dilution always takes place in the washing of froth from the neutralizing- vats. 
If the outlet is unsatisfactory, the quantity of water required is unnecessarily 
large. The quantity of water used is influenced by the type of pump used for 
drawing cream from the neutralizing- vat. A centrifugal pump has the dis- 
advantage that it will not suck air, an4 is inefficient in the removal of froth 
from the vats. Some type of positive pump is more suitable for the purpose. 

In Fig. 1 four typical forms of outlet from a neutralizing-vat are shown. 
Type A, in which the bottom of the outlet is flush with the bottom of the 
vat, is entirely unsuitable, as the jmmp begins to suck air as soon as the level 
of the cream reaches the top of the outlet. Type B, in which the top of the 
outlet is flush with the bottom of the vat, is a definite improvement on 
Type A, but still permits the pump to suck air before the vat is properly 
empty, especially with viscous cream. Type C, in which the outlet is from 
the bottom of the vat, has similar disadvantages to Type B. Type D, with 
a small well at the end of the vat, and the outlet connected with the bottom 
of the well, is the most satisfactory. It permits an almost complete draining 
of the vat before the pump can suck air, and an easy removal of residual 
froth by use of a small quantity of water. 
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Cream for Buttermaking 

Calibration of the Neutraltzing-vat 

The recommendation of Valentine(8) that the calibration of the vat 
should be carried out by wei^hinj? cream into the vat is in error. The measure- 
ment of cream for determination of acidity is by volume, and in converting 
the titration to a figure for ])ercentage lactic acid, the assumption is made 
that the pipette delivers 9 g. — i.e., that the density of the cream is the same 
as the density of water. Cream actually is less dense than water, but the 
error of the assumption is cancelled out if the vats also are calibrated by 
volume. The calibration may be done by mathematical calculation, but 
with vats with a sloping bottom and a curve that may not be truly cylindrical, 
or if the vat changes in shape under load, the calculation is open to some 
error. The best method is by direct measurement of cold water into the 
vat, either by weighing, say, KXJ lb. successively on the scales and tipping 
it into the vat, or by use of a 10-gallon measure. If the vat has deej), vertical 
sides and a curved bottom, the calibration need only be continued until the 
vertical section is reached, after which the calculation of volume from 
measurement is simj>le. If the measurement of quantity of cream is by 



Fir.. 1 . — Elevation and plans of outlets for neutralizing-\ ats. 


weight of cream added to the vat, the measurement of quantity of cream 
taken for the acidity test should also be by weight. An a])preciable error 
due to the use of a jiijiette is not likely to occur exce})t with high-acid creams 
containing large quantities of gas. Newman and Wiley(8) quote an instance 
where, owing to gassiness in the vsample as })ij)etted, the weight of cr(*am 
measured in a 9 ml, pipette was only 7*3 g. 


Checking of Neutralization by Titration of Pasteurized Cream 

The accuracy of neutralization is usually checked by an acidity deter- 
mination on a sample of cream from the water cooler. The check is open to 
three sources of error : — 

(1) If the neutralization is being carried to a very low acidity, it is not 
always completed during pasteurization and some carbon dioxide remains 
in the cream, causing the acidity to appear too high. This carbon dioxide is 
largely lost during churning, and the cream will then be overneutralized. 
The effect of the retained carbon dioxide on the acidity titre can lie avoided 
if, before the titration, the sample is measured into a butter-moisture basin, 
boiled for a short time, and then cooled. 
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(2) If the cream is grossly overneutralized with sodium bicarbonate, 
the check test may show a higher acidity than if the correct amount had been 
added. Sodium bicarbonate is slightly acid to phenol phthalein at th(^ pH of 
the normal end-point colour, and the presence of a large proportion of 
undecomposed bicarbonate will increase the apparent acidity. This def<‘ct 
also is shown up by boiling the sam})le before' titration. If the cream turns 
pink when the phenolphthalein is added after boiling, it has been grossly 
overneutralized, and the degree of overneutralization can be determined by 
titration back to a slight ])ink colour with ()*lN-suli)huric acid. 

(3) Cream treated in the vacreator becomes diluted to some extent by 
condensed water from the injected steam, and tln're is a reduction in the final 
acidity from this cause. A 10 per cent, dilution will reduce the final acidity 
of the cream by about 0‘01 if the acidity aimed at is of the order of ()*08-()*l0 
per cent, lactic acid. 
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FIELD TRIALS WITH BORDEAUX MIXTURE FOR 
CONTROL OF RIPE-SPOT {NEOFABRAEA 
MALICORTICIS) 

By G. G. Taylor, Plant Pathologist, Plant Giseasps Division, Department 
of Scientific and Industrial Research 
{Hfcen'f'd for puhUcation^ lat July., 1946] 

Summary 

An account is given of the use in commercial orchards f)f summer Bordeaux 
sprays for the control of ripe-spot in Sturmer apples. 

Field observations made m the Nelson Province and examination of fruit 
held in cool store show that the recommended programme of Bordeaux 2-6-100 
in mid- January followed by Bordeaux 1-4-100 in mid-February — 

(a) Gives commercial control of ripe-spot in the orchard : 

(h) Produces marked improvement m ripe-spot control in cool store : 

(r) Does not cause observable foliage damage : 

(fi) Leaves conspicuous, but not commercially objectionable, spray residues. 
Evidence presented indicates that use of Bordi'aux sprays may reduce the 
incidence of superficial scald m cool store, but tend to increase wilting of fruit. 

FoLLOWiNCi a series of ex])eriineiits with Borih^aux mixture fur control 
of ripe-spot of Sturmer apfiles, tentative recommendations wen* made for 
a commercial spray programme (Taylor, 1946). Several growers m the 
Nelson district made use of this or similar programmes, and m the 
present paper an account is given of the results si'Ciired as comjiared with 
those from the sul})hur-spray treatments normally used. In addition to 
field observations, records are included from samjile cases of fruit held m 
cool store. The influence of fruit maturity at time of ])ickmg on subseijuent 
development of ri|)e-spot m cool store is also discussed. 

Sura y T r eatm k nts a uul ik i • 

The recommended sjiray treatment consl^ted of Bordeaux 2 L 100 m 
mid-January, followi'd by I I- 1(K) m mid-February with liine-casem (equal 
parts powdered casein and hydrateii lime), H oz. to 1(K) gallons m each 
s})ray. Glowers did not alwa\s adhere to this programme, and in such 
cas(*s tin* actual programme is given m the t(*xt or tabh»s. 

Spray programmes normally em|)loyed vary from one grower to 
another. Individual treatments are not recorded, but in essentials 
consisted of lime-sulphur (15 per cent, poly.sulphides W W), 1 gallon to 
150 gallons water jilus colloidal sulphur (40 per cent, sulphur \V W) 21b. 
to 100 gallon.^. In text and tables these treatments are refi'rred to as 
‘‘ normal " spray treatin(*nts. 

In both recommended and normal spray treatments acid lead arsi*nate 
was included at IJ lb. to lOO gallons water with the addition of 31b. of 
hydrated lime in the normal sjiray programme. 

Field Trial in Season 1942 43 

Forty Stunner trees in an orchard in the Stoke District, Nelson, were 
sprayed with the recommended Bordeaux jirograniine and com])arisons 
made with an e(|ual number of trees receiving a normal sul[)hur treatment. 
Two applications of Bordeaux were made, the first on 21st January and the 
second on 26th February, normal sulphur sprays being apjilied to the 
adjacent block on each occasion. 
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Records of ripe-spot infection and fruit damage were taken by 
observation at harvest-time on 14th April and from the grading records 
of the packed croj). Sample cases of fruit were held in cool store. 


Fiekl Records 

(f\\ the Bordeaux treatment fruit developed a smooth bronze russet and 
a small amomit of copper injury ’’ of the type descril)ed by Taylor(1946), 
The degree of damage was insufficient to affect the grade of fruit, f there 
being 260 cases of Fancy and 28 cases of Commercial grade fruit from the 
Bordeaux sprayed trees and 246 cases Fancy and 27 cases Commercial 
from the normal sulphur treatment. 

Records were not taken of ripe-spot at the time of picking, but 
examination of reject fruit in the packing-shed showed that 0-7 per cent, 
of the total crop from Bordeaux treatment was severely infected and 
10*8 per cent, from normal sulphur treatment. The rapid development of 
ripe-spot in the orchard at this period of the year was shown by two trees 
from each treatment which were left unpicked until the 20th April — ?.c., 
seven days after the main harvest. From Bordeaux s})raye(l trees 3*7 ])er 
cent, of fruits were infected and from those receiving normal treatment 
52*9 per cent. 


Cool Store Records 

Cases of fruit from each treattnent were held in cool store at Stoke, 
Port Nelson, and Christchurch until 2nd November. Results given in 
Table I show that the use of Bordeaux sprays gave marked imj)rovement 
in control of ripe-spot. 


Table I. — Ripe-spot on Cool-stored Fecit from Orchard H. 2*24 rf.('f.ivino 
Bordeaux and Normal Spray Proorammks. (Recorded 2nd to 4th Nov kmrkr„ 
1943) 


Cool Store. 

Treatment. 

Percentaue of 

Fruit liileeted wltli 

Kii>e-f«iK>^* 

Sllahtt. Severe!. 

Stoke 

Bordeaux . . 

12-7 

0*6 


Normal sprays 

33*3 

2*2 

Nelson 

Bordeaux 

14*9 

Nil 


Normal sprays 

.33*5 

3*2 

Christchurch 

Bordeaux , . 

12*9 

1*6 


Normal sprays 

.35*1 

7*0 

Mean percentages ; Bordeaux sprays 

13*5 

0*7 

Mean percentages : normal sprays 

34*0 

4*1 


* Perc'.eutaKeH are baned on examination of five caneH of eaeh treatment frcMn Stoke and Nelacm anl 
six eaHpft of eaeh treatment ftom the ChriRtehnreh cool store, 

t Included In »U|tht ” «mde are fruitH with leeiomt of total area not ureater than a circle of \ in. 
diameter. In “ wevere ” ijrade are all fruitH with more extensive leMlon><. 

{ In commereial practice up to 75 per oent. smooth russet is allowed in the Fancy 
grade and over 75 per cent, in Commercial. 
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FOR Control of Ripe-spot 

Records of “ wilt were taken in all three stores by grading on an 
arbitrary scale into slight, medium, and severe on the general a])|)earance 
of each case of fruit. Of sixteen cases from Bordeaux treatment one 
showed slight, ten medium, and five seyere “ wilt,” and from normal s}>ray 
treatments ten slight, six medium, and none severe. The evidence strongly 
suggested that Bordeaux tended to increase degree of wilting. 

It was noted that superficial scald was developing on some of the 
fruits, and here again an arbitrary scale of slight, medium, and severe was 
adopted for recording purposes. In the Bordeaux treatment one case 
showed slight, thirteen medium, and two severe. From normal spray 
treatment none were slight, three medium, and thirteen severe. Thus the 
use of Bordeaux sprays appeared to have reduced susceptibility of fruit 
to superficial scald. 


Table II. — Ripk-scot Infection on Fri it held in Nelson Uool Store until 

llTH October, 1944 




Perceiitujzes Fruit 

Localitvof Orchard.* 

'rn'atmoiit . 

Inrerted 



Sliuhtf. 

Se\ crct 

Wniniea . . 

Bordeaux 2-(i-l(K) early Fehriiarv 

lo 

0 


Normal spraya 

34 

1 

Moutere Hilla 

Bordeaux early Feliruarv 

5 

0 


Normal sprays 

22 

3 


Bordeaux as recommended . . 

4 

0 


Normal sprays 

24 

0 

1 

»* • • 1 

Bordeaux as recommeiuled . . 

5 

D 


Normal sprays 

23 

5 


Bor<leaux 2-r>-lun late February 

16 

.> 


Normal sprays 

4S 

6 


Bordeaux 3-6- UK) early February, 

22 

1 0 


1^-6-100 early March 

Normal sprays 

50 

23 

1 

Mean jiercentages : 

Bordeaux treatments 

11 

0-3 

Mean pereeiitagea : 

normal treatments . . 

33-5 1 

1 

6-3 


• In ItK'Ation Haini>le cttKes fnnn Uordcuiix and normal apraj treatment's are fnnii same orchard, 
t lnclnd«Hi in *’ slight ’* unide are flrults with one or more lesions of total area not jrreater than ] in. 
diameter. In '* severe " >ira<le are all irnlts with more extenMi>e le-'.ions. 


Orservatjons ox Commercial use of Si^mmeh Bordeaux ix Season 

1943 44 

Twenty growers who had used summer Bordeaux sprays on Stunner 
trees were visited in the Nelson Province just prior to harvest time. 
Wherever possible, comparisons of ripe-spot infection and of fruit and 
foliage injury were made with trees which had received normal spray 
treatments in the same or in adjacent orchards. 

X Wilt " refers to the condition of fniit i-eHulting from losa of water. 
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Field Records 

In no instance was there evidence of increased foliage damage following 
use of Bordeaux sprays. 

“ Copper injury ” of the leuticel type of red pigmentation was found on 
some fruits from all Bordeaux sprayed trees. Damage was not extensive 
and did not affect the grade of fruit. Copper induced russet was present, 
but here again it was insufficient to reduce the grade. In general, however, 
fruit was duller in appearance than that from trees receiving a normal 
spray treatment. 


Table III. — Ripe-spot Infection on Fruit held in Christchurch and Auckland 

Cool Stores 


Locality of 
Orchard.* 

Treatment. 

Percentaj^e** 
Fruit infectetl. 

Moutere Hills 

ChriAtchvrch Store, recorded 25th July, 1944 
Bordeaux as recommended 

5 

»» 

.... 

S 

»♦ . • 


5 


Bordeaux 2-6-100, early February 

9 

Waimea . . 

Bordeaux 2-6-l(K>. late Februarv 

9 

Mean percentage 

: Bordeaux treatments 

7*2 

Moutere Hills 

Normal sprays 

:iH 


61 

*» 

,, . . . . . . . . 

29 

»» ' • • 

,, 

20 

Waimea . . 

„ 

31 

Mean percentage 

: normal treatments . . 

3.5 -8 

Moutere Hills 

Auckland Store, recorded 25th July, 1944 

Bordegiix as recommended . . . . . . i 

S 


1 

17 

Waimea . . 

!! !! !! !! 1 

21 

Moutere Hills 

Bonleaux 2-6-l(X), early February 

17 


IS 

Mean percentage 

: Bordeaux treatments 

16-2 

Moutere Hills . . j 

Normal sprays 

57 

,, . , 

84 

. . 

,9 ... 

29 



51 

Waimea . . 



90 

Mean peretmtage 

: normal sprays 

62-2 


* Sample (‘a»»es from Jtordeaux and normal spray treatment** are from different orehards and eannot 
l)c* compHred iiuioidiially. 


Spray residues were heavy in one or two instances and develo[)ment of 
fruit colour had been retarded. 

In all the orchards visited there was definite evidence of improve*d 
ripe-spot control as compared with adjacent orchards receiving normal 
spray treatments. 
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Cool Store Jieeords 

Growers were asked to give all cases of Bordeaux s])rayed fruit a 
distinctive mark so that it could la* recognized later in cool store. With 
six growers, where din^ct comparisons between Bor(h‘aux and normal - 
sprayed fruit were possible, arrangements were made to hold sample cases 
from each treatment in the Nelson cool store. Results of examination of 
the stored fruit given in Tables II and III show that marked improvement 
in ripe-s]) 0 t control was secured by the use of Bordeaux sprays. In the 
Auckland store develojiment of rijie-spot was more extensixe than at 
Christchurch. At Nelson records were taken nearly two and a half months 
later than at Christchurch, but, in spite of this, ripe-spot infection was no 
greater. All three stores were held at a temjieratun' of 3<> to 37 (\, and 
although small variations may have occurred, it seems unlikely tliat they 
would have been sufficient to cause such wide differences m ripe-sjiot 
development. A more likely explanation is that during transit to Auckland 
fruit advanced in maturity and consequently became more subject to 
development of ripe-spot. The importance of fruit maturity in this 
respect was discussed by Taylor and Bri(*n( 1943), and is referred to again in 
the next section. 


Fruit Maturity in Relation to Ripe-spot 1)eveloi*ment in (!ool Store 

A block of thirty-two Sturmer trees which had recidved a normal spray 
treatment was divided into four jdots with eight trees in (‘ach. Portion 
of the fruit was pick(‘d on the 9th April and a sample (‘ase of at least 13iS 
fruits from each plot was ])ut into cool store ; a second series of four cases 
Avas picked and jilaced in store on 21st April, and a third picking made on 
5th May. An additional series of four cases was packinl on 21st April, but 
held in a packing-shed until 5th May before ])lacing in cool store. On 
each occasion fruit visibly fret* of ripe-spot was selected for the sample cases, 
and each a})ph* was wrapjied in paper before packing. Ripe-spot developed 
ra])idly over the picking peruxl, and by 5th May considerable difficulty 
was exp(*rienced in finding sufficient fruit free of ripe-s])ot for the sainjile 
cases. (Consequently, there was a tendency to select greem^r fruit from the 
more shaded })ortion of the trees, where the incidence of ripe-spot is 
usually lower. As a result the sanqile cas<»s wen* not as far advanced m 
maturity as they would normally be by this date 

The sample <aises were held m cool .store at N(‘lson until 18th November, 
when they wen* examined for the development of ripe-s})ot. 


Table IV. — Showing Effect of Fbvit Matcrity on Development of Rice-spot 
IN (\)OL Stork. (Recorded 18th November, 1943) 





eerceiitatf*' 

Treatment. 

Date (»f Picking. 

Date of m ('doI .stt>re. 

Ripe-'ipot 

Infection. 

1 

9th April 

9th April 

8-4 

2 

2l8t April 

2l8t April 

44-7 

3 

2l8t April 

5th May 

70-8 

4 

5th May 

5th May 

65*8 

Standard 

error 


5-31 

DiflFerenc© for significance at 5 per cent. 

j 

170 
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Eesults given in Table IV show a progressive increase in the develop- 
ment of ripe-spot in cool storage from the first to the last picking. Where 
fruit was picked on 21 st April and held fourteen days before placing in cool 
store (treatment 3) a significant increase in ripe-spot development occurred 
as compared with fruit picked on the same day and placed immediately 
in cool store (treatment 2). Thus it appears that, as a result of the 
occurrence of advanced maturity during the fourteen days prior to 
placing in cool store, fruit had become more subject to development of 
ripe-spot lesions. A similar comparison of treatment 3 with fruit picked 
on the 5th May (treatment 4) shows that increased development of ripe- 
spot in cool store did not occur in spite of the fact that fruit had remained 
on the trees for an additional fourteen days. It is aj)parent, therefore, 
that the increased development of lesions in cool storage on the later 
pickings was not due to higher incidence of incipient infection, but to 
advanced maturity of the fruit. Support is given to this view by evidence 
previously reported from spraying trials (Taylor, 1946), which indicates 
that the period of maximum ripe-spot infection occurs ])rior to the 
commencement of harvest. 


CONULUSTOX 

From results secured in orchards in the Nelson 1’rovince it af)pears that 
the recommended treatment of Bordeaux 2-6-1 in mid- January and 
l-4-l()0 in mid-February, or some modification of it, can be relied upon to 
give commercial control of ripe-s]>ot. Foliage damage, if any, is very slight, 
and, although fruit damage does occur, it is of little or no commercial 
significance. Spray residues are sometimes heavy, but are not commercially 
objectionable. 

On Bordeaux-treated fruit in cool store, development of ripe-spot is 
greatly retarded as compared with the development (of the organism) on 
fruit receiving normal spray treatments. Diflerences are most apparent 
where the interv'al between picking and placing in cool store is prolonged. 

There is evidence to suggest that Bordeaux-sprayed fruit is likely to 
be more resistant to superficial scald, but more subject to “ Wilting ” than 
fruit from the normal spray programmes. The commercial significance 
of these two factors has not been investigated. 

Fruit maturity at time of picking appears to have considerable influence 
on development of ripe-spot in cool store. It seems ])robable that 
considerable improvement in control could be secured by harvesting at the 
earliest date practicable and placing fruit in cool store with a minimum 
of delay. 
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TRIALS OF NEW ZEALAND PASTURE SEEDS IN 
BRITAIN: 1941 AND 1942 TRIALS 

By A. L. Poole,* Scientific Liaison Officer, New Zealand De})artmont of 
Scientific Research, London 

[Rereivfd for publication, 17th June, 1946^ 

Summary 

Under Xew Zealand conditions of climate and farm manH^ement. highly 
productive strains of European grass and clover species ha\e evolvf*d. These 
have been further improved by breeding and their jicrformance aHsurt‘d under a 
certification scheme. Mu<-h of this seed has been finding its way through the 
seed trade to grassland farming in other countries, particularly England. In 
1941 and 1942 seed of the main Xew Zealand pasture strains uas compared with 
British commercial and Aberystwyth Plant Breeding Station bred strains in 
a series of trials throughout England. I’seful broad results were obtaiiuKl from 
these trials ; because of their nature it was not possible to obtain detailed 
results. In general, both the Xew Zealand and Ab(*rystwyth strains were 
ilefinitely superior to commercial strains. Xew Zealand certified perennial 
rye-grasses proved to have superior seedling establishment and vigour in the 
establishment year. In the following seasons it showeil itself a good rye-grass 
and was very similar in many respects to the Aberystwyth S24 (pastur(‘-hay type). 

New Zealand certified Italian rye-grasses also proved to have good establishment 
vigour and were slightly more jHTsistent than other strains tried. New Zealand 
cocksfoot suffered from severe competition with the Xew Zealand rye-grasses and 
consequently did not show up as well in performance as .\berystvvyth strains. 

In tyfx* they were somewhat similar to the Alierystwyth SI9I (hay) strain. 

'liie Xew’ Zealand certified *' mother *' white clovers were so similar to the 
Aberystwyth SBKI strain as to Vk* indistinguishable in the Held. Botli art' 
excellent clovers for dairy pastures. Xew Zealand certified Montgomery red 
<*]over was similar to English late flowering, but was not quite as persistent as 
the AlHTVstwyth SI 23 strain. 


Introduction 

The high -producing peniuinent pastures and the grass leys of New Zealand 
have s])rung from traditional European agriculture, and the component 
sjiecies are European grasses and clovers. Under Euro})ean systems of 
agriculture many different strains of these species have evolved ; the red- 
clover strains in Britain alone are numerous. Furth(‘r, the incursions of 
science into agriculture have seen the introduction of other strains having 
their origin in breeding. 

It is therefore not surprising that, upon introduction into New Zealand, 
these European grass and clover ])asture species have developed, by natural 
selection, strains peculiar to the new farming and climatic conditions. Thus 
a relatively persistent, semi-pasture ty\w of cocksfoot (Dcutiflis glomerata) 

* Mr. A. L, Poole, an officer of the Botany Division, New Zealand Department of 
Scientific and Industrial Research, proceeded overseas on active service and was seconded 
to the position of Scientific Liaison Officer, Ixmdon. 
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evolved on the Akaroa Peninsula, a semi-pasture, persistent type of rye-grass 
(Lolium perenne) evolved in Hawke’s Bay and other places, and a vigorous, 
large-leaved type of white clover (TrifoUmn repent) appeared in certain parts 
of Canterbury. These types were first worked upon scientifically by Levy 
and Davies(l, 4, and 5) and the best of them served as the basis for breeding- 
work to produce further im])rovements. Seed production from the best of the 
so-called regional strains, and later the bred strains, was safeguarded and 
fostered by the introduction of the New Zealand Government certification 
scheme in 1930. 

Recently selected Welsh strains of Montgomery red clover (Tri folium 
prateme) and Italian rye-grass (Lolium multi floruw) were introduced into 
New Zealand from Britain. After further selection and breeding, seed 
production of these strains has also been carried out under the certification 
scheme. 

Seed production in the Dominion has, in general, reached a liigh standard. 
Constancy of type and analysis (purity and germination of the saui])le) is 
ensured under the certification scheme, and climatic conditions usually 
eiialde a good sample of the seed to be f)roduced. This has led, over a [)eriod 
of years, to the building-up of a steadily expanding export trade*, with Britain 
as the chief inarket(()). 

At the Grassland Conference held in England in 1938, arrangements were 
made with the British Ministry of Agriculture to carry out a series of trials 
of New Zealand pasture seeds in Britain. The object was to verify the type 
and j>erformance of the New Zealand strains under British (‘onditions. 
These trials were not commenced until 1941, and in that yi'ar a mixture of 
all New Zealand seeds was included in a series of English grassland demon- 
stration areas established under the ausjnces of the Grassland Tnijirovement 
Station, Drayton, Stratford-on-Avon. 


Type of Trial 

The trials form jiart of a series at first carried out under a grant made by 
the Royal Agricultural Society of England to the Welsh Plant Breeding 
Station, Aberystwyth. Subsequently, when the Grassland Improvement 
Station, Stratford-on-Avon(7), was set up in 1940, the work was financed 
chiefly by the Ministry of Agriculture(3). 

The series was commenced in 1937, and up to 1944 consisted of a number 
of widely scattered centres at each of which from three to six I -acre plots of 
comparable seed mixtures, but of different strains, were sown. It was hoped 
to throw light upon problems connected with the reseeding of extensive 
acreages of low-producing permanent pastures throughout England. 

At this point it will be opportune to give a brief description of British 
grasslands at the commencement of the trials. An accurate account has been 
made available by a survey carried out by Davies et al(2). 
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In 1939 ill England and Wales there were 8,396,941 acres of arable land, 
including 1,827,114 acres of temporary leys. The remaining agricultural 
land consisted of 15,702,000 acres of ])ermanent grass and 5,601 ,(K30 acres of 
rough hill grazings. The survey of Davies et at. showed these permanent 
grasslands to consist of the types shown in Table L 


Table I. — Acreages and Types comprising the Permanent Grass and Rough 
Grazings of England and Wales (from the 1939 survey by Davies et at.) 


1 

Type 

1 Area (Acres). ' 

l*erceiitafic. 

First-grade rye-grass pasture . . * . . 

2.') 1,(100 

1-2 

iSecond-gradc rye-giass pasture 

912,000 

4-4 

Third-grade rye-grass pasture 

4,317,000 

20*2 

AgroMifi pasture, ineluding AgnMin with fescue topgrass, &e. 

9,.')S0,0(K) 

4.5 0 

Agrontin., with rushes and seclges of rough grazings 

734. (MIO 

3*4 

f'ategories of rough grazings, including Down and Cotswold 
fescue swards, Nardws and Molinia Moors, &c. 

.'>,.52.5,000 

25*8 

Total permanent pasture and rough grazings 

21. 319. (KM) 

1(K)*0 


It was these large areas of low-producing permanent pasture and rough 
grazings which presented the greatest grassland j)roblerns. The trials, parts 
of which are dealt with in this report, were designed to establish a satisfactory 
technique for reseeding th(‘se lands ex-turf, or seeding down under a crop in 
rotation. At the same time they were to demonstrate the greater ])roductivity 
of a well-established and properly managed ley sown down to good strains of 
the com])onent speines in normal use and in sensible seed mixtures. 

The centres for the trials have been chosen in conjunction with th(‘ 
county agricultural staffs, and the laying-down and supervision of the sowing 
has freijuently been their responsibility. Management of the established 
pasture has been a matter for the fanner to fit into his routine farm ])ractice, 
though he has usually enlisted and taken the advice of the county and the 
(Irassland Inqirovement Station. Fertilizing has also been a matter for the 
farmer to decide, and during the war he has depended largely upon the 
available wartime supjilies of fertilizers. There has thus been, and advisedly 
so, no uniformity in the treatment and management of these trials. 

The following more complete description of tin* trial centres refers to 
those at which New Zealand seeds were included in the seed mixtures m 1941 
and 1942. The centres were scattered throughout Kngland m a number of 
widely separated counties. They were laid down on the widest range of 
soil types varying from light loams to the heaviest clays. Included in the 
series was a heavy river silt, fen (a silty jieat), light residual soil on chalk, 
clay with flints on chalk, and clays including boulder clays of glacial origin. 

Because of the great variations of soil types* associated with ihe English 
countryside it is difficult to give an estimate of the area of agricultural land 
that each trial represented. From a vegiWition point of view, liowever, it 
can be said that they were situated on areas characteristic of the A(/tostis 
and Agrostis with ry(*-grass pasture types, which account for some 45 per 
cent. (9,580,(KX) acres) of the 1939 area of ])ermaiient grassland in England 
and Wales(2). These pastures were mainly poor to derelict with an Agro.^tis or 
Agrostis-i^^cxLQ^ base, sometimes associated with small amounts of white clover. 
In some areas (Fig. 1) tussock-grass (Deschampsia racspito.^a) and tor-grass 
(Brachgpodium pinnatim)— both weeds in a pasture— and other weed s])ecies 
formed important elements in the sw^ard. These weed grasses imlicated a 
stage of dereliction, for ant-hills, thorn and scrub, Crataegu.^, Pnoms, RubiiSy 
Rosa, &c., soon followed (Fig. 2). 



Fio. 2.— Derelict English mssland being invaded by bramble and thorn 
{JiiSiUs and Crataegm «pp.). 
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Most of the centres were situated in the rainfall belt below 30 in., so that 
the necessity for conserving soil moisture during establishment was an 
essential problem. 

In 1941, thirty trials were sown, each consisting of five adjacent l-acre 
plots sown with a somewhat complicated seed mixture. From a comparative 
point of view, only three of the ])lots were of direct interest to New Zealand. 
The details of the mixtures in these are shown in Table II. 


Table II. — Scheoule of Seed Mixtire in 1941 R.A.S.E. Trials 


Si)efles aiul Strain. 

1 . InHuding 1 
AbervHtMyth I 
StraiiiH 
( CoiiimIk T*er 
Acre). 

2: All 
Cuniinercial 

St ra ilia 
(PomuN per 
Acre). 

•{ : Oiiiefly 
Xpm' Zealand 
Straina 
(Pounds per 
acre ) 

Italian Rye -grans — 

, 



Commercial . . 

(> 

(> 


New Zealand certified mother . . 

Perenvial Rye-grans — 



6 

Commercial . . 

0 

10 


AbtTyHtwyth S23 (pasture), S:;4 and SI 01 | 

10 



(pasture hay) 1 

i 



New Zealand certifierl mother . . 



10 

Cocksfoot — 

i 

1 



Danish type . . 

2 1 

s 


.Aberystwyth SI 91 (hay), SI 43 and SI 90 
(pasture) 

0 



New Zealand certifie<i .Akaroa *' . . ; 



8 

Tinmthy — 

\ 1 



Commercial . . 

1 I 

4 

4 

Aberystwyth Sol (pasture), S4S (hay), and 
SoO (pasture) 

i 3 i 

i ! 



Red Clorer — { , 

English late flowering . . 

.. 

4 


Alierystwyth SI 23 

4 



New Zealand certified Montgomery 

White Clorer — 

•• 


4 

Kentish 


1 


Aberystwyth SDK) 




New Zealand certifitnl mother . . 

.. 


i 

Trefoil — 



1 

(V)mniercial . . 

i 

k 

Alnike — 



(Wiadian 

\ 

i 

i 

Pound of se<*d per acre 

4(. 

40 

4(» 


Sl'MMVUV 

Mixture 1 : (’hletty Aljerystwytli (ttraiu^ with inclusion of some eommorcial ^traiu^. 

Mixture 2 : All co'inniereial strains 
Mixture a : (lilefly Nen /ealaml strains. 

It is thus seen that the comparison was mainly one of mixtures containing 
Aberystwyth, commercial and New Zealand strains. 

In the 1942 series of trials, twenty-nine centres incluiltnl New Zealand 
seed mixtures. This series was designed along the same lines as the 1941 
series, but'* the mixtures were simpler and the comparisons more direct. 
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Ten of the centres included a mixture of certified New Zealand “ pedigree ” 
seed as well as certified New Zealand “ mother ” seed. The schedule of 
mixtures used in these trials is given in Table III. 


Table III. — Schedule of Seed Mixtures in 1942 R.A.S.E. Trials 


Species and Strain. 

1. 

2. 

3. 

4. 

5. 

Italian Rye-grass — 

Irish 

6 

6 

6 

1 


New Zealand certified mother 




6 


New Zealand certified pedigree seed . . 





6 

Perennial Rye -grass — 






Irish 

16 





Aberystwyth S24 . . 


i6 




Aberystwyth »S23 . . 



io 



New Zealand certified mother 




16 


New Zealand certified pedigree seed . . 





io 

Cocksfoot — 






American . . 

6 





Aberystwyth S37 . . 


6 




Aberystwyth S143 . . 



fi 



New Zealand certified mother 




6 


New Zealand certified pedigree seed C23 





6 

Red Clover — 






Early broad 

4 





American Mammoth 


4 




Aberystwyth 8123 .. 



•i 



New Zealand certified Montgomery mother 




*4 ; 


New Zealand certified Montgomery pedigree 





4 

White Clover^ 






New Zealand uncertified 

1 





Alicrystwyth 8100 . . 


i 




Kentish type 



i 



New Zealand certified mother 




I 


New’ Zealand certified pedigree seed . . . . • 





1 

Trefoil .. .. .. .. j 

I 

i 

i 

i 

1 

Alsike ' 

2 

2 

2 

2 ! 

.> 

Pound of s<*ed per acre . . . . 1 

36 1 

-:S-| 

36 

“36 

36 


SIMMARV 

Mixture 1 : (’lilelly conimereial stralm. 

Mixture 2 ' (’hlefl> Aberystwyth leafy hay strains. 
Mixture : ('hiefly Aberyatwyth pasture atrains. 
Mixture 4 . New Zealaml eertiftcKl mother atraius. 
Mixture 5 : Nen Zealand certified pedigree wtrains. 


The general nature*, lack of uniformity in management, and relatively 
com})licated seed mixtures of both the- 1941 and 1942 series have made it 
possible only to obtain information of a broad nature from them. While a 
number of selected trials have been observed consistently over a period of 
four to five seasons, no detailed records or statistical analyses have been 
possible. Nor has it been ])ossible to obtain comparative production figures. 
On the other hand, it has been possible to collect much useful information 
on strains, persistency, &c. This information has l>een strengthened by 
inspection of a number of observation plots sown at such centres as the 
National Institute of Agricultural Botany, Cambridge, North of Scotland 
Agricultural College, county farm institutes, &c. 

The problem of successful establishment, which was one of the most 
important to English investigators, has been largely solved by the complete 
series of trials. This has been of little importance from a New Zealand point 



Table IV. — Percentage Cover of Heriuge Species in PUI-sown (’entres (arrangep by Season) 
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Table Percentage Cover op Herbage Species in 1941 -sown Centres (arranged by Plots) 
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Plot No. 1 : Cluefly Aberystwjth strain^. Plot No. 2 . Cluefly coniinercial ntrains. Plot 3 : Chiefly New Zealand strains. 
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of view, because, at each centre, the New Zealand seeds shared the same fate — 
establishment or failure — as the accompanying Aberystwyth or commercial 
seeds. In other words, the whole centre either established or failed to do so 
according to weather and other factors. 

Features which did show themselves in the trials which became established 
were relative persistency of strains, earlixiess of growth, type of ])asture 
formed, susceptibility of rye-grasses to rust (Purcinia graminin vars.), and 
palatability. 

With regard to relative persistency of strains, an attempt was made to 
measure this by making a j)aature cover analysis of selected trials in the 
spring and autumn of each year. This was done by estimating by eye the 
percentage cover of grasses and clovers, at some 2 in. from ground-level, in 
ten random 6 in. square quadrats. There are, of course, many objections to 
the use of such a method. Seasonal growth, types of management, and 
method of fertilizing all alter radically the percentage of j)astiire species 
present at a particular time. Under the circumstances, however, it was the 
only method, commensurate with any degree of accuracy, which could be used. 
It must be emphasized, therefore, that the results can only be indicative and 
must be regarded in their broad implications. 

Of the 1941 centres, a number were observed and pen'cutage cover 
analysis taken periodically. For some ten of the trials this was done regularly 
in the autumn and winter up to the autumn of 1944. Tables IV and V 
give the results of the analyses for these ten centres. 

The following comments baaed upon these analyses and also analyses, 
and inspection of a number of other centres can be made : — 

1941 Series of Trials (Figs. 3 and 4).— Three ])lots in each of these trials 
were studied : plot 1, mainly Aberystwyth strains : plot 2, mainly com- 
mercial strains ; plot 3, mainly New Zealand strains. 

1941 ( Establhshment Year). — Bearing in mind what has been said relative 
to the general question of establishment, the three plots in the first year 
show^ed minor, but signihcant, differences. In the New' Zealand mixture the 
certified Italian rye-grass w^as better tillered and more vigorous than the 
‘‘ Commercial ” (Irish Italian) product in the other two mixtures. New 
Zealand certified “ mother ” perennial rye-grass also showed greater seedling 
vigour than the other strains, though this was to be seen mainly in the 
ajipearance of the swards rather than as differences in the jiercentage cover. 

The establishment and behaviour of the strains of cocksfoot and timothy 
did not have significant differences in the type of sward established in the 
seeding year. This was also largely true of the red and white clovers, though 
the HICK) white clover in plot 1 and New Zealand certified mother w'hite clover 
in plot 3 were larger leaved than the Kentish in plot 2. 

It was the vigour of the New Zealand certified Italian rye-grass and 
seedling vigour of the New Zealand certified perennial rye-grass wdiich 
produced the differences and gave the New Zealand [ilot a slight advantage 
in the establishment year. 

1942 Season . — At the beginning of this season the New Zealand certified 
Italian rye-grass was still vigorous. This, together with the vigour of the 
New Zealand certified perennial rye-grass, which vigour appeared to increase 
by comparison with the other plots as the season advanced, had an adverse 
effect upon the cocksfoot and timothy content of the sw’ard. These two 
species did not establish as well in the New Zealand plot as in the other two^ 
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Pio. 3. — Graph of the fluctuation in percentage corer of total sown grasses in the 1941 trials. 



Percentage Cover 
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By the end of the season Italian rye-grass was reduced to a small percentage 
in all three plots, but the comparative increase in perennial rye-grass was 
greatest in the New Zealand plot, which now became dominated by perennial 
rye-grass. 



Fia. 4. — Graph of the fluctuation in percentage cover of perennial rye-grass in the 

1941 trials. 

By the autumn the amount of cocksfoot in the New Zealand plot was less 
than in the other two plots, this being a direct reflection on the competition 
with rye-grass rather than of strain difference as such. Where centres were 
cut for hay in this year, the commercial cocksfoot (plot 2) bulked well, 
although it gave a more stemmy and therefore less leafy hay than the mixed 
Aberystwyth cocksfoot strains in plot 1 and the New Zealand rye-grass in 
plot 3. 
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The Aberystwyth strains of timothy increased throughout the season, 
and by the autumn contributed markedly more to the sward than the 
commercial ” timothy in plots 2 and 3. 

All three strains of late-flowering red clover — Aberystwyth SI 23, English 
late flowering, and New Zealand certified Montgomery — apart from seasonal 
differences of growth, flowering, and tillering, gave much the same perfor- 
mance, though by the end of the season Aberystwyth S123 was slightly the 
better. The white-clover cover, irrespective of strain, fluctuated in com- 
petition with the grasses. 

1943 Season . — By the spring of 1943 (second harvest year) the New 
Zealand certified rye-grass had increased by comparison with the rye-grasses 
in plots 1 and 2. Of the small amount of Italian rye-grass remaining in the 
three plots. New Zealand was the most abundant. The increase of perennial 
rye-grass in the New Zealand plot still took place at the expense of cocksfoot, 
timothy, and white clover. A pronounced decrease of the “ commercial ” 
perennial rye-grass in plot 2 was noticeable, and this thinning allowed the 
white clover to increase. The inclusion of mainly Aberystwyth strains in 
plot 1 prevented any thinning out of the rye-grass in that plot. 

Sufficient analyses of pasture cover were not made in the autumn to 
obtain average figures. From trials inspected, however, it was obvious that 
cocksfoot and timothy were on the increase in all plots and approximately 
in the same proportion as in the previous season — *.e., the Aberystwyth 
strains were superior to the others. 

1944 Season , — The New Zealand perennial rye-grass increased still further 
at the end of this season. The Aberystwyth strains in plot 1 also increased, 
while the “ commercial strain in plot 2 improved slightly over the previous 
season. This improvement was the result of shedding of seed. By the 
autump the Italian rye-grass had largely disappeared, excef)t for a small 
amount of the New Zealand strain. 

Cocksfoot fluctuated throughout the season, with the advantage in favour 
of the Aberystwyth strains, though with New Zealand certified holding 
very well in competition with a strong rye-grass sward. 

At the beginning of the season there was still some Aberystwyth SI 23 
and New Zealand certified Montgomery red clovers, while English late 
flowering had virtually disappeared. By the end of the season the first two 
strains had also largely gone. 

The autumn saw a very marked increase in unsown grasses, mainly Poa 
trivialis, especially in plot 2. This deterioration of the sward in all plots 
continued into the 1945 season. It could be attributed mainly to the lack of 
proper top-dressing with fertilizers consequent upon wartime restrictions. 

Trials sawn in 1942 . — Previous mention has been made that in this series, 
consisting of twenty-nine centres each with five I -acre plots, the seed mixtures 
were simpler and comparison of the different strains of the component species 
more direct than in the J941 trials. Only one of these centres was followed in 
detail, though a number of others were visited from time to time. Brief 
mention only will therefore be^ made of this series. 

From the schedule of seed mixtures in Table II it will be seen that plot 1 
^oiaaisted of “ commercial ” strains, plot 2 of leafy hay Aberystwyth strains, 
plot 3 of dense -pasture Aberystwyth strains, plot 4 of New Zealand certified 
mother strains, and plot 5 of New Zealand certified pedigree strains. 
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As in the 1941 trials, the seedling vigour of the New Zealand certified 
Italian and perennial rye-grasses was marked. Both the certified mother and 
pedigree seed performed equally well and, except in a few trials, little 
difference could be seen between the two.. This may be attributable to low 
status of soil nutrients and therefore insufficient fertility to bring out the 
best potentialities of the pedigree strains. 

In the years following establishment the tillering capacity of S23 (leafy 
pasture type) showed itself, and this strain formed by far the densest, though 
by eye judgment not necessarily the most vigorously growing, sward. The 
plot containing commercial perennial rye-grass “ opened out ” quickly and 
allowed the incoming of unsowu grasses. The plots containing S24 (leafy 
huy tyj,)e) and New Zealand certified mother and pedigree showed up very 
similarly the one to the other. 



Fig. .■>. — Right : S23 perennial rye-grasB, a dense paHtiire typt*. Centre : New 
Zealand uncertified perennial rye-grass, a mixed, lax, pasture-hay type. 
Left ; New Zealand certified “ mother ” perennial rye-grass, a good pasture- 
hay type. 


Behaviour of the Individual Pasture Components 

Perennial Rye-grass (Figs. 5, 6, and 7). — The New Zi»aland certified 
strains have shown greater seedling and establishment vigour in the seedling 
year than either the commercial or Aberystwyth S23 strains. In the years 
following establishment they have shown about the same competitive ability, 
tillering capacity, &c., as S24 (leafy hay strain). On fertile soils, New Zealand 
pedigree strains have been better. For a period of years both S24 and the 
New Zealand strains can maintain or even slightly increase their percentage 
cover. By comparison, S23 (pasture type) shows greater tillering capacity 
and is able to form a very dense sward, while commercial strains are the least 
well tillered and show lack of persistency. Even in the first year after 
'establishment, swards of the latter begin to open out and the white clover 
or unsown grass and weed contents increase. 
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Pig, 6. — Right : S23 perennial rye-grass, a dense pasture type. I.eft : New Zealand 
uncertified perennial rye-grass, a mixed, lax, pasture-hay typt\ 



^XG. 7. — S23 perennial rye-gram being grown for seed production. This is a good 
dense pasture type of rye-grass. 





159 


1946] Poole. — Trials of New Zealand Pasture Seeds 

rN Britain 

The New Zealand, S24, and commercial strains all commence growth 
about the same time at the beginning of the season and are definitely earlier 
in growth than S23. In the autumn, New Zealand, S23, and S24 all show 
better growth than commercial strains, while S23 is the most winter green, 
.and a dense pasture of this strain stands up to winter treading better than all 
other strains under test. 

Palatability of the New Zealand and commercial strains is about the 
same as S24 and is in the spring greater than S23. In the summer, autumn, 
and winter the difference is not so marked. Palatability is a difficult i)oint to 
assess, however, and alters at different times of the season. 

The New Zealand certified strains appear to be the least susceptible of the 
rye-grasses to incidence of yellow rust {Puccinia loliaxiea). S23 is somewhat 
similar to the New Zealand strains in this respect, but varies from season to 
season. Commercial strains are the most susceptible. 

Italian Rt^e^grass. — In the series of trials the only comparison of Italian 
rye-grasses has been between New Zealand certified and Irish commercial 
strains. New Zealand has shown up to advantage in all respects compared 
with the commercial. It has shown greater vigour of establishment, growth, 
and persistency, though the main superiority lies in greater tillering caj)acity 
and leafiness. 

Cocksfoot, — In the second year of the 1941 trials all strains of cocksfoot 
established satisfactorily, though the New Zealand certified strain suffered 
slightly by greater competition of the New Zealand rye-grasses. Tin* com- 
mercial strain (Danish tyjie) produced the least well tillered plants, though 
the tillers were larger and l)roader than in any other strain. New Zealand 
certified strains showed better tillering than commercial and were somewhat 
similar to SI 91 (hay strain). The pasture strains, S190 and SI 43, produced 
the best tillered plants of all and individual plants were very dense. 

Up to 1945 the trials did not indicate any diffenmce in persistency in the 
strains. 

Both the commercial and New Zealand strains start into growth slightly 
earlier than the Aberystwyth strains. 

Timothy, — No New Zealand timothy strains were included in the trials, 
so the performance of this grass will not be dealt with in dcdail. It is worthy 
of note, however, that a constant and remarkable increase of the Aberystwyth 
timothy strains took place in some 1941 trials until in 1945 individual plots 
contained 20 to 25 per cent, of timothy cover. 

Red Clover, — The late-flowering types — 8123, English late flowering, and 
N(‘w Zealand certified Montgomery — have been compared. All established 
well in the 1941 trials and showed about equal performance, though 8123 
was somewhat the more persistent. By the end of the 1944 season (third 
harvest year) all strains had disappeared. There were differences in time of 
flowering and form of plants. 

White Clover, — The white-clover content of the pastures, as would be 
expected, fluctuated with the grass component of the swards. It was there- 
fore not possible to make a direct comparison of the strains used — namely. 
New Zealand certified mother and pedigree, 8100, and Kentish. Other 
trial areas have, however, shown that New Zealand certified mother and 
8100 are very similar clovers and are now frequently accepted as inter- 
changeable in pasture mixtures. Both are large leaved and vigorous by 
comparison with Kentish, which is smaller growing, though under adverse 
conditions more persistent. Kentish is essentially a sheep-pasture clover as 
compared with the other two, which can be regarded as white clovers 
particularly useful for inclusion in mixtures designed for cattle pasturage. 
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Summary 

A stunting of tobacco plants accompanied by chlorosis and curling of the 
leaves which occurred on a coarse sandy soil in the second season after treatment 
with ground limestone has been diagnosed as being due to boron deficiency 
induced by the liming treatment. 

Analyses of samples of soil and of the plants are given showing reduced boron 
contents where lime was used. 

A warning is issued against too free use of limestone on sandy tobacco soils. 

Introduction 

In January, 1941, an unusual condition of tobacco plants growing on certain 
plots at the Tobacco Research Station, Uniukuri, Nelson, was reported to 
the author by Mr. L. G. Copp, of the Station staff. These plants were 
inspected in the field and samples of leaves and of soils were obtained for 
chemical analysis. This paper reports the results of the examination of 
this material. 


Experimental 

The area of coarse sand from which the samples were drawn was used 
for a test of the effect of varying rates of application of ground limestone, 
three rates — J ton, 1 ton, and 2 tons per acre — being used. This limestone 
was applied broadcast about mid-October in 1939. In addition, other plots 
received no limestone and others borax at the rate of 20 lb. per acre, the 
latter substance being mixed with the fertilizer applied in the rows. Half 
the fertilizer was applied one week before planting and the other half about 
three weeks after planting. A complete 3-8-6 (N, P, K,) fertilizer at 800 lb. 
per acre was used. The plants were set out in mid-November. In the 
1939-40 season apparently nothing unusual developed in the crop on the 
various plots. 

In the 1940-41 season a 3-8-8 fertilizer at 1,0001b. per acre was used, 
400 lb. being put in the rows before planting and 600 lb. as a side -dressing 
three weeks after planting. No limestone or borax dressings were given 
in this season. Plants were put out on 18-19th November, 1940. Rainfall 
in November and December was 3*57 in. and 2*46 in. respectively. 


6— Soteno®. 
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The plants apparently grew well until unusual symptoms appeared 
suddenly about 20th January, 1941, following heavy rain a short time 
previously. Notes on condition of the plants taken on 31st January were 
as follows : — 

Control (no lime or borax) : Apparently healthy, about 3 ft. to 4 ft. 
high ; a small amount of mosaic present (see Fig. 1). 

20 lb. borax : Plants apparently normal, and 3 ft. to 3 ft. 6 in. high 
(see Fig. 2). 

1 ton ground limestone : Plants were stunted and only about 12 in. 

high. Leaves were very wrinkled and cupped downwards, young 
growing centre had died, and secondary growth had appeared. 
Some interveinal chlorosis was also present (see Fig. 3). 

2 tons ground limestone : Plants were very stunted, being only 

9 in. to 12 in. high. The symptoms were similar to those for 
the l“ton treatment, but were more severe (Fig. 4). 

No marked abnormalities appeared in the plants grown on the ^ ton 
treatment, hence no samples were obtained from these plots. 

Soil samples were obtained from the above areas on 20th February, 1941, 
and analysed for base exchange capacity, exchangeable bases, and pH value. 
The exchangeable bases were extracted by iN-ammonium acetate solution 
at pH 7*0. Calcium was precipitated as oxalate and determined by per- 
manganate titration, magnesium was determined by the volumetric 8- 
hydroxy-quinoline method, and potassium by the volumetric cobaltinitrite 
method. pH values were determined in 1 : 2*5 soil and water suspensions 
by a quinhydrone electrode. 


Table — I. Exchangeable Bases, as Milligram -equivalents per 100 o. op Dky 
Soil, and pH Values op Umukuri Soils 


Treatment. 

Deptli of 
Sampling 
(IncbcH). 

Base 

Exchange 

(Capacity 

(ins.-e.). 

Total 

Exchange- 

able 

BaMeH 

(nig.-e.). 

C'al- 

diiiii 

(mg.-e.). 

1 

Mag- 

iieHiuin 

(mg.-e.) 

PotUH- 
HUini 
(njg -e.). 

pH 

Value. 

C’ontrol (no lime or 

0-3 

6-96 

3-84 

3-59 

0-4i 

0-41 

6-25 

borax) 

3-6 

6-93 

3-94 

3-38 

0-47 

0-23 

6-20 


6-12 

5 91 

3-62 

303 

0-51 

0 18 

6-20 

Borax, 20 lb. per 

0-3 


319 

2-90 

0-42 

0-40 

6-45 

acre 

3-6 


3 36 

2-98 

0-39 

0-18 

6-35 


6-12 


2-6.5 

2-30 

0-37 

0-16 

6-4.5 

Ground limestone, 

0-3 


4-18 

i 3-43 

0-30 

0-46 

7-10 

1 ton per acre 

3-6 


4-34 

4-15 

0-29 

0-,39 

7-30 


6-12 

, , 

2-86 

2-56 

0-29 

0-37 

6-95 

Ground limestone. 

0-3 


5-14 

4-36 

0-31 

0-46 

7-35 

2 tons’ per acre 

3-6 


6-26 

5-88 

0-27 

0-35 

7-55 


6-12 


.3-74 

3-35 

0-26 

0-30 

7-20 


The data in Table I show that on the control area, according to depth, 
the soil was 55-61 per cent, saturated with bases. These soil data also show 
that the borax treatment exerted no significant effect on the pH value, but 
that the limestone dressings raised the pH values to an extent sufficient 
to bring them into the range where minor elements such as borax are rendered 
less available to plants. The exchangeable calcium figure was greatly 
increased by the limestone, especially in the case of the 2-ton application. 
•^There was an indication th«|.t exchangeable magnesium had been depressed 
by the liniestone. 

Determiinations of apparent residual carbonate (as CaCOg), by the 
vacuum vplumetric method, in the two upper samples from the heavily 
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Figs. I and 2. 


FIk. 1.- Ndriiml plant from control (no lime or borax) plot. 

Flu. -• * .apparently normal plant from plot treated with 20 lb. borax per acre In the pre>lous Kenhon. 



Figs. 3 and 4. 

Fig. d.—Affectad plant from plot receiving 1 ton of ground limeatone ijer acre in the previous season. 
Flf. 4.— AlfectS plant from plot receiving 2 tons of ground limestone iier acre in the previous season. 
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limed area gave 0*050 per cent, and 0*063 per cent, respectively ; the 
0 in.-^ in. sample from the control area gave an apparent content of 0*019 
pet cent. These figures would indicate that only about 656 lb. of ground 
limestone per acre remained in the carbonate form in the top 6 in. of soil. 
It must be remembered, however, that the ground had been ploughed and 
cultivated after the applications had been made in the 1939-40 season, so 
that the limestone would be well distributed through the soil and some may 
even have been carried down to lower levels by rain ; this was confirmed 
by the increased pH value and the small increase in the exchangeable calcium 
figure found at the deepest level of sampling. 

Determinations of water-soluble boron in the soil from these plots, using 
the procedure of Berger and Truog(l) for the extraction and Maunsell’s 
quinalizarin method(2) for determination of the boron, showed that the 
control area contained 0*2 p.p.m. of boron at each depth of sampling. This 
was reduced to approximately 0*1 p.p.m. boron on the limed areas. The 
previous borax application did not significantly increase the amount of 
water-soluble boron in the soil at the time of sampling. The coarseness of 
the soil has probably allowed efficient leaching of the applied borax to occur. 

Analysis of whole-leaf samples taken from the various plots showed that 
there were some differences in the amounts of minerals present. The 
analytical data are given in Table II. 


Table II. — Mineral Content of Tobacco Leaves from Liming Trial 

(Expressed as percentage of soluble ash, lime, magnesia, and potash and as p.p.m. of 

boron in the dry matter) 


Treatment. 

Soluble A»h 
(per Cent.). 

Lime 

(l>er Cent.). 

Magnesia 
(per Cent.). 

Potarth 
(per Cent.). 

Boron 

(p.p.m.). 

Control (no lime or 
borax) 

1M7 

3*22 

0-48 

2-86 

6-3 

Borax, 201b. per acre 

7-94 

1-93 

0*25 

2-45 

26-7 

Ground limestone, 1 
ton per acre 

1002 

2-79 

0-29 

2-63 

3-9 

Ground limestone, 2 
tons per acre 

1114 

3-47 i 

j 

0-36 

2-48 

3-5 


These data show, that for the main constituents sought for there are 
decreases in the soluble ash, magnesia, and potash contents following the 
use of lime. On the other hand, the use of borax has apparently had a still 
greater effect in reducing the amounts of these constituents in the dry matter 
of the leaves. It would appear, therefore, that the symptoms shown by 
the plants on the limed areas cannot be correlated with the variations in 
these constituents. 

Although no important change in the soluble boron content of the soil 
on the borax-treated area was found, there was a great increase in the boron 
content of the leaves grown on it. Thus the borax-treated area gave 
26*7 p.p.m. of boron and the control sample only 6*3 p.p.m. The roots of 
the plants may therefore have had access to boron in forms other than the 
water-soluble form, or may have penetrated to levels into which the applied 
borax had been carried by percolating rain. On the other hand, the boron 
contents of the ' leaves fi^om the limed areas were not much more than half 
that of the control, being 3*9 p.^.m. and 3*5 p.p.m. for the 1-ton and 2-ton 
i^^plications respectively. These low boron contents, together with the 
symptpms displayed by the plants, suggest that the unusual condition of 
the plants was brought about by reason of the boron in the soil being rendered 
less available to the plants following the use of heavy applications of ground 
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Discussion 

Boron deficiency has been rejmrted in solution or sand cultures of tobacco 
by a number of authors, but references to its occurrences in the field are 
not so frequent. It is moreover known that the use of lime as carbonate 
or oxide may induce boron deficiency in crops grown subsequent to such 
treatment. Why boron deficiency should appear is not precisely known ; 
it can only be assumed that boron has been immobilized or rendered unavail- 
able by the lime. Increase in pH value does not seem to be a sufficient 
explanation for the effect produced. On sandy soils such as are used for 
tobacco culture there is a much lower buffering effect than on heavier soils, 
hence the pH value may be raised considerably by only relatively light 
applications of ground limestone. This has occurred in the instance report/ed 
in this paper. Determination of the pH value following liming is the simplest 
method of determining whether a condition of low boron availability may 
have been reached. 



i 

f ^ 
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Fig. 6. — Heads of affected plants : note death or twisting of growing points. Left : 
2 tons limestone per acre. Right: 1 ton limestone per acre. 


At the Tobacco Kesearch Station it was very interesting to note that the 
detrimental effect on growth was not observed until the season following 
the application of the ground limestone. By that time, too, with the cul- 
tivation that had been done between the two seasons, the limestone would 
have been very thoroughly mixed with the soil, so that reaction with the 
exchangeable base complex would have been extensive. 

The symptoms shown by the plants on the limed areas correspond very 
closely with those recorded by van Schreven(3) as occurring on boron- 
deficient plants grown under sand culture. As shown in Figs. 3 and 4, 
curling of the leaves and death of the growing point with the development of 
secondary growth were found. Chlorosis and crinkling of the leaves is 
distinctly visible in Fig. 5. Bending over of the growing point is also marked. 
This is reminiscent of Topsiekte,” an ailment oip tobacco in Sumatra, which 
has been attributed to boron deficiency. The combination of symptoms, 
together with the low boron content of the tobacco leaves, indicate that the 
ailment at Umukuri was due to boron deficiency. This deficiency was 
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induced by the applications of ground limestone being somewhat excessive 
considering the texture of the soil. A warning may therefore be issued 
that if it is desired to use ground limestone on the sandy soils used for 
tobacco culture in the Nelson district, the applications should be relatively 
light, not exceeding | ton per acre in any one season. Frequent UBe of lime 
on such soils may also be attended by risk of inducing a low availability 
of the boron in the soil in later seasons. 
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SOIL DISINFECTION 

V. COMPARATIVE EFFICACY OF SOIL FUMIGANTS FOR CONTROL 
OF GRASS-GRUB {ODONTRIA ZEALANDICA WHITE) 

By H. Jacks, Plant Pathologist, Plant Diseases Division, Department of 
Scientific and Industrial Research 
[Beceived for publication, 7th August, 1946^ 

Summary 

Trials of the soil fumigants, chloropicrin, Shell D-D, and Iscobrome I and 
II in comparison with carbon disulphide showed that they are all of value in 
the control of ^ass-grub. 

Chloropicrin and Iscobrome II appear to be effective at lower dosages 
than do the others. Carbon disulphide, to give equivalent control, seems to 
require a higher rate of application than that of any of the other fumigants. 

Introduction 

Experiments reported by Cottier (1932, 1934) showed carbon disulphide to 
be the most effective fumigant then available for eradicating grass-grub 
from infested soil. With the introduction of chloropicrin and Shell D-D 
as soil fumigants it appeared desirable to compare the efficiency of these 
with that of carbon disulphide. Results of exploratory trials are recorded 
in this paper. 

Experimental Methods and Results 
Treatments were applied either to pots filled with soil containing grass- 
jprub larvae or else to infested lawns, in the former case known numbers of 
‘larvae were placed in the pots before treatment. In the latter, samples of 
soil were t^ken from each plot before treatment, and the larvae in each sample 
counted. The figures thus obtained were used as the basis for calculating 
percentage survivals after treatment. 
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Fumigants employed were — 

(a) Carbon disulphide (chemically pure) : 

(h) Shell D-D, a mixture of 50 : 50 dichloropropaiie and dichloropro])ene : 

(c) Chloropicrin (chemically pure) : 

(d) Iscobrome I — 15 per cent, methyl bromide and 85 per cent, xylol : 
(c) Iscobrome II — 25 per cent, chloropicrin, 15 per cent, methyl bromide, 

and 60 per cent, xylol. 


These materials were introduced into holes dibbled in the soil to a depth 
of 6 in., the requisite quantity of liquid being measured from a burette. 
Alternatively in infested lawns, an instrument* specially designed to inject 
the required quantity directly into the soil was used. Points of injection 
in lawns were spaced 1 ft. apart. Carbon di8ulj)hide, Shell D-I), and 
chloropicrin were also applied as emulsions in water, prepared by the use of 
Wetsit, a proprietary emulsifying agent. Emulsions were prepared by using 
a stock solution in proportions of 1 ml. Wetsit to 10 ml. of chloropicrin 
and 1 ml. Wetsit to 5 ml. of Shell D-D and carbon disulphide. These 
solutions were diluted with water to give dosages chos(m for treatments. 
In each instance 1 gallon of diluted emulsion was used per square yard and 
a})plied with a watering-can. A further gallon of water was applied after the 
emulsions had soaked into the soil. Results are expressed as percentage 
survivals, and, because of the small numbers of larvae used, analyses of 
variance have been made on equivalent angles. 


Esperimefif I 

In June, 1945, forty-four 10 in. flower-pots were filled with soil, and into 
each were placed twenty larvae. Chemicals were introduced the following 
day, the holes then being covered immediately, and half a pint of water 
applied to each pot. After forty-eight hours the larva? were sifted out and 
])laced on the surface st)il of each pot. Those larvae which were unable to 
burrow into the soil were counted as dead. Treatments were rejilicated 
four times, there being one ])ot per replicate. Results are given in Table I, 


Table 1. — (Control ok (iRAss-cjRCB by Fimioants in Rare Soil 


Treatments. 

Millilitre', 
lK*r ('ubie Foot. 

Mean Fei i eiit njre 
Sur\hal out of 
Twenty Orubs. 

Mean 

Fcjunalent 

Allah's. 

Check 


KM) -00 


Chloropicrin 

20 

45 00 

42 00 


40 

OIM) 


Iscobrome 1 

20 

1500 

2i-95 


40 

0<K) 


Iscobrome 11 

20 

2-50 

S-05 

*9 . . . . 

40 

0 00 


Shell D-D 

2-0 

50 (K) 

44-95 


40 

0 00 


Carbon disulphide . . 

40 

12-50 

20-37 

ff . . 

S-0 

2-, 50 

S-05 

Standard error 



3-93 

Difference for significance at 

6 per cent, level 



11-07 


* The instrument referred to was designed by Mr. L. Wright, of the Plant Diseases 
Division, and is still under test. 
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All treatments as compared with the check gave a significant control. 
Chloropicrin and Shell D-D at the lower dosage rates were the least effective 
treatments, while Iscobrome II gave the best results. The grubs were found 
close to the bottom of pots. The efficacy of higher dosages may possibly 
be explained by their greater rate of diffusion. 


Experiment II 

Twenty-eight 8 in. flower- pots were sown with rye-grass seed, and twenty 
larvee were placed in each pot. After thirty days, by which time the grass 
had grown, the chemicals were applied as emulsions at the rate of 200 ml. 
per pot (equivalent to approximately 1 gallon per square yard). Larvse 
were examined ten days later. Results, based on four replications, with one 
pot per replicate, are given in Table II. 


Table II. — Control of Grass-grub by Emulsified Fumigants in Soil sown with 

Rye-grass 


Treatments. 

Millilitres 
per Cubic Fo(»t. 

Mean Percoutaue 
Survival out of 
Twenty Grubs. 

Mean 

Equivalent 

Anjrles. 

Check 


82-50 

66-20 

Chloropicrin 

6-37 

3-75 

10-67 

♦» 

0-75 

0-00 


Shell D-D 

0-37 

20-00 

26-36 

,, . . . . . . ■ 

0-76 

2-50 

7-30 

Carbon disulphide . . 

1-60 

37-60 

37-45 

„ 

300 

20-00 1 

26-32 

Standard error 



4-07 

Difference for significance at 

6 per cent, level 



12-09 


The numbers of surviving larvae were significantly reduced by all 
treatments. Chloropicrin was the most effective, giving significantly lower 
survivals than carbon disulphide at both dosage rates. Shell D-D at the 
higher dosage also showed significant improvement compared with carbon 
disulphide. Chloropicrin caused damage to rye-grass leaves, but did not 
affect later growth. The grubs were found close to the surface amongst 
the turf. 


Experiment III 

A lawn infested with grass-grub was treated on 13th June, 1945, with 
chloropicrin, Shell D-D, and carbon disulphide. Prior to treatment popula- 
tions were estimated by lifting four samples of soil in 8 in. cubes from each 
plot. Chemicals were applied to plots 25 sq. ft. in area, either in dibbled 
holes from a burette or as emulsions watered on to the surface. Before 
applying emulsions the turf was loosened lightly with a garden fork. 
Treatments were randomiEed in each of two blocks, emulsions in one and 
injections in the other. The figures obtained before application of treat- 
ments were used as a basis for the calculation of percentage survivals, which 
were taken several weeks later by the same sampling methods. Results are 
given in Table HI. 
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Table III. — Control of Grass-grub in a Lawn, Season 1945 


Treatments. 

MillllitreH 
per Square 
Ff>ot. 

Mean 
Number 
of Grubs. 

Mean 

Perrentajje 

Survival. 

Mean 

Equivalent 

Angles. 

Injections applied in dibbled 





holes — 





Check 


5-75 

87-50 

71-32 

Chloropicrin . . 

20 

5*50 

21-12 

26-90 

Shell D-D . . 

20 

4*50 

16-66 

22-07 

Carbon disulphide 

50 

5-25 

29-40 

32-55 

Standard error . . 

.. 



7-32 

Difference for significance at 5 per 

. . 



23-39 

cent, level 





Emulsions — 





Check 


6 -.50 

94-06 

76-42 

Chloropicrin . . 

2 0 

4 00 

33-33 

35-07 

Shell D-D .. 

2*0 

300 

72-91 

60-52 

Carbon disulphide 

50 

4-25 

70-83 

57-87 

Standard error . . 




3-30 

Difference for sign id can ce at 5 per 




10-53 

cent, level 






Infestation was significantly reduced by all injection treatments. Because 
of small numbers of larvae in each sample the difference required for 
significance was too high to show comparative efficacy of treatments. 
Emulsions also reduced infestation, but, compared with injections, the 
degree of control was poor. Chloropicrin was significantly more effective 
than Shell D-D and carbon disulphide. Treatments did not cause any 
apparent damage to the grass. New growth of grass developed more rapidly 
on the treated plots than on checks, increased vigour being most pronounced 
where chemicals were injected. 


Experwient IV 

On 31st May, 1946, a lawn infested with grass-grub was treated by 
injecting chloropicrin, Shell D-D, Iscobrome I and 11, and carbon disulphide 
with the soil injector. Populations of larvso were estimated as described in 
experiment III immediately before treatment and again on 21st June. 
Each plot was 63 sq. ft. in area, and treatments were randomized in each 
of four blocks. Results are given in Table IV. 

Table IV. — Control of Grass-grub in a Lawn, Season 1946 


Treatments. 

MllUlitres 
per Square 
Foot. 

Mean 
Number 
of Grubs. 

Mean 

Percentage 

Survival. 

Mean 

Equivalent 

Angles. 

Check 


16-50 

78-60 

63-77 

Chloropicrin 

2-6 

13-00 

11-14 

18-66 

Carbon disulphide 

5-0 

16-75 

21-36 

27-17 

Iscobrome I . . 

2-0 

15-00 

21-25 

26-32 

Iscobrome II . . 

2-0 

12-76 

16-03 

21-72 

Shell D-D 

20 

9-76 

' 29-74 

32-40 

Standard error . . 




6-72 

Difference for significance at 5 per 
cent, level 

. • ' 

• • 

• • 

17-16 
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Although all treatments gave significant reduction in infestation compared 
with the checks, they did not differ significantly amongst themselves. One 
plot in each of the chloropicrin and Iscobrome II treatments showed 
percentage survivals that ^ere abnormally high. It seems probable that 
improved methods of sampling would show these two treatments in a more 
favourable light. Chloropicrin and Iscobrome II caused wilting of the grass 
adjacent to points of injection. Within a few weeks all treatments showed 
marked improvement in growth of grass compared with checks. 

Conclusions 

All fumigants tested gave results in control of grass-grub which justify 
further experiments. Because of variation in results it seems desirable that 
the method of application and sampling will also have to be investigated 
further. The present trials are comparative only and were not designed to 
ascertain optimum dosages for control. Results suggest that dosage rates 
for carbon disulphide would require to be higher than for any of the other 
test fumigants in order to obtain equivalent control. Chloropicrin and 
Iscobrome II appear likely to give control at lower dosages than Shell D-D 
and Iscobrome I. 


References 

Cottier, W. (1932) : Insecticidal Treatment of the Grass-grub. N.Z. J. Sci. dh Tech., 
13, pp. 317-40. 

(1934) : The Control of the Grass-grub in Small Areas. N.Z. J. Agr., 49., 

pp. 321-30. 


THE EFFECT OF VARIOUS COBALT COMPOUNDS 
ON THE COBALT CONTENT OF A 
NELSON PASTURE 

By H. 0. Askew and J. Watson, Cawthron Institute, Nelson 

[Received for publication, 18th July, 1946} 

Summary 

Using 1 cwt. per acre of ground limestone as a spreading agent, the sulphate, 
hydroxide, carbonate, and phosphate of cobalt were applied to a cobalt-deficient 
pasture at Sherry River. All four compounds effectively increased the cobalt 
content of the pasture over a period of sixteen months. 

Introduction 

The use of cobalt salts for the prevention and cure of bush sickness and 
similar diseases has become established in New Zealand and other countries. 
In general, the chloride or sulphate has been the salt chosen for use in 
fertilizers, licks, and drenches. It is of interest, however, to determine, if 
poi^We, the effect of other compounds of cobalt, particularly those which 
are soluble in water to only a slight degree, on the intake of cobalt by 
pasture plan^§. Such a test has been made and is reported in this paper. 
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ON A Nelson Pasture 

Experimental 

The pasture, consisting mainly of perennial rye-grass and white clover, 
was on a sandy loam derived from granite at Sherry River, Nelson. It 
was laid down only a few years before the experiment began and had 
received ground limestone and superphosphate treatment. In the 1938-39 
season it was cut for hay and was afterwards grazed. Experimental work 
began on the pasture in the 1939-40 season when replicated plots received 
superphosphate at the rate of 2 cwt. per acre. Another application of 
superphosphate at this rate was mad(» on 21st August, 1941. Cobalt 
compounds, at rates equivalent to e') oz. and 10 oz. of hydrated cobalt 
sulphate per acre, together with 1 cwt. ground limestone j)er acre as a 
carrier for the cobalt compound, were applied on 11th December, 1941, on 
plots 5 yards square, replicated three times. The cobalt compounds used 
were the sulphate, hydroxide, and carbonate. Cobalt phosphate (octo- 
hydrate), owing to an error, was applied at rates equivalent to 8*25 oz. 
and 16-5 oz. hydrated sulphur per acre. Rain fell on the day following 
application of the mixtures. In the following season, superphosphate' at 
2 cwt. per acre was applied on 15th October, 1942. Sampling was done 
periodically by careful hand-picking, special care being taken to avoid 
contamination of th(' material by soil. In 8[)ite of this, some of the 
analytical data suggest that contamination occurred. Definite occurrences 
are shown by blank spaces in Table 1, but other cases probably occurred 
as indicated by certain aberrant data in this table. On each occasion after 
sampling the experimental area was grazed by sheep for a few days and 
then closed up without any stock on it until the next time of sampling. 

The first samples were obtained on 8th January, 1942, four weeks after 
the cobalt was applied. Thereafter samjJing was done at approximately 
monthly intervals, except over the winter of 1942. 


Table I. — Effect of Cobalt ('ompocnds on Cob.4Lt (Content ok a 8herrv River 

Pasture 

(Cobalt content expressed as parts per million of cobalt on the dry basis) 


Date of 
Saiiiplinji. 

( 'ontrol 
(No 

Cobalt). 

Lime- 

Htont* 

only 

Cobalt 

Sulphate. 

( ’obalt 
Hydroxide. 

• Cobalt, 
Carlionate 

Cobalt 

Plu)si)hate 

1 

2.* 

1.* 

2.* 

1.* 

2.* 

1.* 

2 * 

8/1/42 

0 061 


0*27 

0*37 

0*21 

0-37 

0*73 

0*93 

0*69 

1*34 

4/2/42 

0 039 

0 037 

0*14 

0*16 

0*13 

0*14 

0*23 

0*20 

0*17 

0*41 

27/2/42 

0*031 

0*028 

0*080 

0*067 

0*(H1 

0*086 

0*083 

0*059 

0*083 

0*084 

13/4/42 

0*040 

0*031 

0 064 

0*12 

0*038 

0*091 

0*052 

0*089 

0*067 

0*16 

14/5/42 

0*057 

0*042 

0*108 

0*14 

0*085 

0*135 


0*109 

0*134 

0*134 

16/10/42 . . 

0*078 

0*074 

0*118 

0*132 

0*181 

0*128 

0*096 

0*15 

0*105 

0*152 

17/11/42 .. 

0*052 

0*045 

0*078 

0*081 

0*092 

0*105 

0*075 

0*104 

0*108 

0*16 

16/12/42 . . 

0 056 

0*038 

0*081 

0*106 

0*057 

0*079 

0*069 

0*079 

0*053 

0*14 

19/1/43 

0*048 

0*075 

0*096 

0*14 

0*072 

0*11 

0*12 

0*11 

0*078 

0*14 

2/3/43 

0*047 

0*090 

0*12 

0*107 

0*079 

0*107 

0*084 

0*09 

0*10 

0*13 

6/4/43 

0*036 

0*055 

0*050 

0*087 

0*052 

0*068 

0*056 

0*061 

0*062 

1 

i 0*11 


• 1 lower rate of application ; 2 higlier rate of application 


Results of determinations of cobalt content on the dry-matter basis 
are given in Table I. The data suggest that over the whole period of the 
experiment cobalt carbonate, cobalt hydroxide, and cobalt sulphate were 
of approximately equal value in increasing the cobalt content of this Sherry 



172 


The N,Z. Journal op Science and Technology [Oct. 


Biver pasture. In the early stages the carbonate was slightly more 
effective. The heavier rate of application of the phosphate is reflected in 
the higher cobalt contents shown for this compound. While, in general, 
the double rates of application of each compound show the higher figures 
for cobalt content, this is not without exception ; contamination with soil 
may explain these abnormal cases. It is to be noted, also, that the May 
and October samples show high values, even for those plots not receiving 
cobalt. While the possibility of contamination cannot be excluded, the 
increases are so consistent as to suggest that the effect is a real one, due to 
seasonal conditions. Even after sixteen months from the date of application 
all the compounds were showing appreciable effects, this being more marked 
with the double rates of application. Ground limestone has exerted no 
great effect on the intake of cobalt and thus would not seem to have 
interfered with the action of the cobalt compounds. 


Discussion 

In an investigation of the use of various carriers for cobalt sulphate, 
Maunsell and Simp8on(l) used several types of fertilizer materials and 
limestone on pastures at Mamaku and Ruakura, in the North Island. Cobalt 
sulphate at the rates of 5 oz. and 10 oz. per acre were used, with the carrier 
usually at the rate of 1 cwt. per acre. They concluded that all the carriers 
were satisfactory and that there appeared to be no worth-while difference 
in the effects of the two rates of application after two to four months 
according to the location of the experimental area. Their investigation 
covered the period July, 1941, to February, 1942. In the experiment at 
Sherry River, described in the present paper, the period of examination 
was longer and differed in the use of so-called insoluble cobalt compounds as 
well as the soluble sulphate ; only the one carrier, ground limestone, was used. 
This limestone carried approximately 0*2 p.p.m. of cobalt. Satisfactory 
increases in cobalt content of the pasture followed from the apjdications 
of both the soluble sulphate and the insoluble hydroxide, carbonate, and 
phosphate. It is apparent, therefore, that the solubility of these three 
compounds is sufficiently great to allow of an appreciable uptake of cobalt 
by the pasture plants. Mellor(2) quotes data giving the solubility of 
cobaltous hydroxide as 3*18 mg. per litre and of cobaltous carbonate as 
27-3 mg. per litre. The sample of cobalt phosphate octohydrate used at 
Sherry River was found(3) to have a solubility of 5-1 mg. per litre as 
anhydrous phosphate or of 245 p.p.m. of cobalt (Co). These values appear 
to be high enough to explain the markedly beneficial effect of these 
compounds in raising the cobalt content of the pasture. This experiment 
therefore indicates that the hydroxide, carbonate, or phosphate of cobalt 
may be used with satisfaction for pasture top-dressing on cobalt-deficient 
areas in place of the soluble chloride or sulphate. 
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MINERAL DEFICIENCY OF APPLE-LE AVES : 
DISTRIBUTION OF MAGNESIA, POTASH AND 
LIME IN THE LEAVES OF YOUNG SHOOTS 

By E. B. Kidson,* Cawthron Institute, Nelson 
[Received for publication, 12th June, 1946^ 

Summary 

An examination of the mineral composition of the current season’s growth 
on Cox’s Orange apple-trees from three difierent localities in the Nelson district 
showed that the leaves varied in mineral content with position on the leader, 
and that where magnesium or potassium deficiencies occurred the element in 
low supply tended to be highest in the young leaves near the growing point 
when calculated as a percentage of the dry matter. In all cases the young growth 
had a lower calcium content than older leaves on the leader shoot. 

Changes in mineral content of the leader leaves are sho^m to have taken 
place during the season. Calcium tended to increase with age of the leaf. 
Trees deficient in either magnesium or potassium showed a decrease in the 
total content per leaf of the deficient element in the lower leaves of the leader as 
ihe season progressed, indicating a withdrawal, probably to supply the growing 
point of the shoot. The development of the fruit may also have made demands 
on these lower leader leaves. 

The appearance of magnesium-deficiency symptoms in Cox’s Orange and 
Jonathan leaves was associated with a low content of this element (less than 
0*14 per cent. MgO), but could not lie correlated with any particular percentage 
of magnesium in the whole leaf. 


Introduction 

Magnesium deficiency of apple-trees iiijbhe Nelson district has been identified 
and reported in previous papersfl, 2). Further investigations into the 
distribution of magnesium, calcium, and potassium in the apple leader, 
undertaken mainly in order to develop a suitable leaf-sampling technique, 
are described in this paper. The data include analyses of leaves and wood 
from different parts of the leader shoot and also figures showing the changes 
that took place in the magnesium, potassium, and palcium contents of the 
apple-leaves as the season progressed. 


Methods of Analysis 

Magnesium was determined by the gravimetric phosphate method for 
large samples and by the 8-hydroxy-quinoline method(3) for small samples. 
Calcium was precipitated as oxalate. The potash was estimated by the 
perchloric acid method. 


The Distribution of Magnesium, Calcium, and Potassium in different 
Parts of the Leader SnooTf 

On 3rd December, 1940, fifty Cox’s Orange leaders were collected from an 
orchard on the Moutere Hills soil type at Tasman, where acute magnesium 
deficiency symptoms were known to occur, and the same number from an 

* Officer of the Department of Scientific and Industrial Research seconded to the 
Cawthron Institute. 

t ** Leader ” is used to denote the current season’s terminal or lateral growth. 
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orchard on Stoke loam which was well supplied with magnesium but which 
had a relatively low potash status. In both cases five leaders from each of 
ten trees were sampled. The leaders were taken early in the season before 
defoliation had begun. They were divided approximately into quarters 
according to the number of leaves, and corresponding leaf and wood samples 
were bulked. Each quarter consisted of 3 to 5 leaves. The terminal bud 
and the leaf petioles were included with the wood. In the Tasman samples 
slight scorch, typical of magnesium deficiency, was appearing in some of the 
leaves from the lower half of the leaders. Spray residues were removed, 
where necessary, by wiping with a dry cloth. Analyses for the composite 
samples are given in Table I. 


Table I. — Analysis of Leaves and Wood from different Parts of the Leader, 
Cox’s Orange Variety (sampled 3rd December, 1940) 

(Expressed as percentage of the dry matter) 


Position oi 8ai)i])le. 

1 Soluble AHh. 

C^aO. 

MkO. 

K.O. 

(«) Taanuin 





Leaves — 





Lowest quarter 

6-85 

1-68 

0'21 

2-18 

Second quarter 

6*61 

M6 

019 

2-63 

Third quarter 

7*07 

Ml 

0-.32 

2-9.5 

Top quarter . . 

Wood— 

6-22 

0-94 

0-40 

2 -.38 

Lowest quartt^r 

4-90 

1-.37 

015 

1-51 

Second quarter 

5* 19 

1-36 

017 

1-58 

Third quarter 

6-73 

1-56 

0-27 

2-31 

Top quarter . . 

8-81 

J-73 

0-62 

3-18 

(6) Stoke 

Leaves — 





Lowest quarter 

6-29 

2-20 

0-69 

0-80 

Second quarter 

4-73 

1-38 

0-5.5 1 

0-87 

. Third quarter 

4-56 

118 

! 0-60 

0-88 

Top quarter . . 

Wood — 

4-60 

0-92 

0-58 

1-26 

Lowest quarter 

4-50 

1*61 

0-32 

0-73‘ 

Second quarter 

4J2 

1-36 

0-25 

0-79 

Third quarter 

.516 

1*59 

0-39 

M2 

Top quarter . . 

6-89 

1-77 

0-83 

1-92 


From Table I it will be seen that there was considerable variation in 
mineral constituents according to position on the leader. 


Leaves 

In each case the mineral in low supply was found to be most highly 
concentrated at the growing point of the shoot. Thus the magnesium in 
the leaves of the magnesium-deficient Tasman leaders increased from 0*21 
and 0-19 per cent. MgO in the lower half to 040 per cent, in the top quarter, 
while potash showed no such accumulation in the youngest leaves. In the 
Stoke sample, on the other hand, the potash was low for all parts, but was 
highest in the top leaves, which contained 1*26 per cent. K^O, compared 
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with 0*80 to 0*88 per cent, in the lower sections. The magnesium in this 
Stoke sample was relatively high and approximately constant irrespective 
of position on the leader. In both localities the calcium increased with 
age of the leaf. 


Wood> 

In the wood all three elements were highest in the top quart(?r, this being 
most noticeable in the magnesium figures for the magnesium-deficient Tasman 
sample, where there was an increase from 0*15 and 0*17 per cent. MgO in 
the lower half to 0*62 per cent, in the top wood. There was also a very marked 
increase in potash content in the upper portion of the Stoke sample. 


Changes in the Mineral Content of Leaves throughout the 

Season 

In order to determine to what extent magnesium-deficient a})ple-trees 
show a low magnesium content in their leaves before visible symptoms 
appear and also to determine the change taking place in this and other 
minerals with ageing of the Umf, a series of samples was taken throughout 
the season from October to early in March when defoliation had become 
widespread on the Tasman orchard. As before, five leaders from each of 
the same ten trees were taken. The five lowest leaves were taken at the 
beginning of the experiment, and, as the shoot grew, the five lowest and the 
four top leaves, and finally, from November onwards, five leaves next to the 
lowest ones were also sampled. By 3rd December magnesium-deficiency 
symptoms were appearing at Tasman and samples of the ten lowest leaves 
contained a number of scorched leaves on this and later dates of sampling. 
The results are given in Table II. 


Table 11. — Changes in the Mineral Content of Cox’s Orange Leaueb Leaves 
THROUGHOUT THE SEASON (1940-41) 


(Expressed as percentage of dry matter) 


Position on Leader. 

Date of 
Sampling. 

Soluble 

AhIi. 

CaO. 

MgO. 

KiO. 

(a) Tasman 

Five lowest leaves 

10/10/40 

6-54 

1-38 

0-33 

2-29 

Five lowest leaves 

23/10/40 

6-51 

1*51 

0-28 

2-24 

Four top leaves . . 

f 9 

.'>•62 

0-84 

0-26 

2-36 

Five lowest leaves 

6/11/40 

6-82 

1-66 

0-28 

2-23 

Four top leaves . . 

ff 

5-99 

0-85 

0-29 

2-46 

Five lowest leaves 

20/11/40 

7-25 

1 1-80 

0-2r) 

2-24 

Next five leaves . . 

f 9 

6-74 

111 

0-22 

2-72 

Four top leaves . . 


6-92 

1-36 

0-43 

2-33 

Five lowest leaves 

3/12/40 

6*77 

1*63 

0-20 

2*23 

Next five leaves . . 

99 

6-39 

106 

0*20 

2-64 

Four top leaves . . 

99 

611 

0-97 

0-41 1 

1 

2-46 
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Ta.blb II. — Changes in thb Minebal Contbist of Cox’s Obanoe Leadeb Leaves 
THBOUGHOUT THB SEASON (1040-41)— COTlfinuei 


(Expressed as percentage of dry matter) 


Position on Leader. 

Date of 
Sampling. 

Soluble 

Ash. 

CaO. 

MgO. 

K,0. 

(a) Tasman — continued 

Four lowest leaves* 

18/12/40 

7-60 

1-65 

0*18 

2-69 

Next four leaves . . 


7*23 

1*30 

0-22 

2-80 

Four top leaves . . 


6-08 

0-87 

0-39 

2-80 

Five lowest leaves 

4/1/41 

7-02 

206 

0*17 

2*43 

Next five leaves . . 


7-20 

1-52 

0*16 

2-60 

Four top leaves . . 

»» 

6-61 

0-67 

0*41 

2-30 

Five lowest leaves 

23/1/41 

7-45 

1-92 

0-17 

2*34 

Next five leaves . . 


6*57 

1-37 

016 

2-37 

Four top leaves . . 

»> 

4-08 

0*74 

0-41 

203 

Five lowest leaves 

4/3/41 

8*04 

2*66 

0-16 

2-50 

Next five leaves . . 

»» 

8-03 

2*09 

0-15 

2-40 

Four top leaves . . 


5*02 

1-47 

0-38 

1-86 

(b) Stoke 






Five lowest leaves 

10/10/40 

5-78 

1-66 

0-53 

1-21 

Five lowest leaves 

23/10/40 

6-20 

2 05 

0-63 

0-98 

Four top leaves . . 

*9 

4*48 

0-86 

0-.36 

1-45 

Five lowest leaves 

6/11/40 

6-74 

t 

0-70 

0-93 

Four top leaves . . 

»» 

615 


0-46 

1*56 

Five lowest leaves 

20/11/40 

5*88 

.. 

0-63 

0-82 

Next five leaves . . 

99 

4*36 

, , 

0-40 

0-99 

Four top leaves . . 

99 

4*96 

•• 

0*57 

1-40 

Five lowest leaves 

4/12/40 

6-37 


0-70 

0-80 

Next five leaves , . 


4-64 


0-66 

0-89 

Four top leaves . . 

99 

4-87 

1*06 

0*61 

1-29 

Four lowest leaves* 

18/12/40 

6*03 

2*08 

0-66 

0-75 

Next four leaves . . 

99 

504 

1*46 

0-60 

0-86 

Four top leaves . . 

99 

4-67 

1*16 

0-67 

1 00 

Five lowest leaves 

4/1/41 

6*54 

2-45 

0-69 

0-61 

Next five leaves . . 

99 

4*09 

1*60 

0-58 

0-67 

Four top leaves . . 

99 

4*28 

1-08 

0-79 

0*78 

Five lowest leaves 

23/1/41 

6-63 

2-66 

0-76 

0-63 

Next five leaves . . 

99 

614 

1-76 

0*61 

0-60 

Four top leaves . . 

99 

4*43 

1*23 

0-80 

0-77 

Five lowest leaves 

4/3/41 

713 

2-86 

0-80 

0*52 

Next five leaves . . 

99 

6-91 

2-21 

0-71 

0-59 

Four top leaves . . 

99 

5 52 

1-77 

1-02 

0-70 


• On 18th December four leaves were taken instead of five for the two lower samples. j Owing 
to contamination of some of the leaves with spray, the calcium figures were omitted. 


Tasman 

Magnesium , — It will be seen that there was a gradual decrease in the 
magnesium content of the five lowest leaves frbm 0*33 per cent. MgO when 
the leader was very young to 0*16 per cent, in March when scorch and 
defoliatipn were prevalent. By early December the figure had dropped to 
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0*20 per cent., and from then on only a slow decrease in magnesium took 
place. The next five leaves had an initial figure of 0*22 per cent. MgO 
on 20th November, though the leaves corresponded approximately to the 
sample taken as the four top leaves on 23rd October, which had a figure of 
0*26 per cent. By 3rd December there was a decrease to 0*20 per cent., 
with a further fall to 0*15 per cent, in early January. The sample gave the 
same figure on 4th March and was slightly below the five lowest leaves in 
magnesium content for the last three samplings, a fact of interest when it is 
realized that the deficiency symptoms in Cox’s Orange often appear at about 
the fifth or sixth leaf, while the lower ones remain free from leaf-burn. 

As shown by the data in Table I, the young leaves had a much higher 
magnesium content than the ones on the lower part of the leader. There 
was a rise from 0*26 per cent. MgO in October to 0-43 per cent, towards the 
end of November, later samples giving approximately this last figure. 

Potassium . — The potassium content did not vary much with position or 
age of the leaf, except that towards the end of the season there was a decrease 
in the amount of potassium in the top leaves. The trees had had fairly 
heavy potash manuring and there was no sign of a deficiency of this element. 

Calcium . — Calcium showed a tendency to increase with the age of the 
leaf. 


Stoke 

Magnesium . — The magnesium content of the lower leaves from this 
locality was several times that of corresponding Tasman samples during 
most of the period of the experiment. The figure varied between 0*53 and 
0*80 per cent. MgO. Leaves at the top did show a slightly higher content 
than the ten bottom leaves, but not until January, and then not to a very 
marked degree. It is very probable that the figures for magnesium were 
abnormally high owing to the low potash supply in this orchard. 

Potassium . — The low potassium content of the Stoke leaders compared 
with those from Tasman was very noticeable. For the five bottom l(»aves 
the initial figure of 1*21 per cent. K^O dropped as low as 0*52 per cent, in 
January, when the corresponding Tasman leaves contained 2*34 per cent. 
The four top leaves gave 1*45 and 1*56 per cent. KgO for the first two 
samplings, after which there was a steady decrease to 0*70 per cent. KoO 
when the last sample was taken in March. The figures for the Tasman samples 
were 2*36, 2*46, and 1*86 per cent. KgO at these three dates of sampling. 
As previously noted (Table I), the potash, which was in short supply in the 
Stoke soil, was higher in the top leaves than in those on the lower part of 
the leader. This was most noticeable in the early summer when rapid growth 
of the leader was taking place. 

Calcium . — As in the Tasman samples, there was a tendency for increase 
in calcium content with age of the leaf, especially towards the end of the 
season. The calcium figures were, on the whole, higher than those from 
Tasman. 

Leaders from the magnesium-deficient Tasman orchard and also from 
an orchard in Waimea West on the same soil type but at the time showing 
no s 3 rmptoms of either potassium or magnesium deficiency were sampled 
in the following season, beginning in December, 1941. 

At Tasman, magnesium-deficiency symptoms were appearing at the 
time of the January sampling and some scorched leaves were included in 
the lower samples in both January and February. 

The results are given in Table III. 
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Table III. — Changes in the Mineral Content of Cox’s Orange Leader Leaves 
THROUGHOUT THE SEASON (1941-42) 


(Results expressed as percentage of the dry matter) 


Position on Leader, 

Date of 
Sampling. 

Soluble 

Ash. 

CaO. 

MgO. 

KaO. 

{a) Tasman 






Five lowest leaves 

9/12/41 

5-89 

1-33 

019 

1-89 

Next five leaves . . 

,, 

5-67 

()-92 

0-22 

2-88 

Four top leaves . . 

»» 

.5- 17 

0*73 

0‘42 

1*97 

Five lowest leaves 

12/1/42 

7-38 

1-68 

014 

2-44 

Next five leaves . . 


6-98 

1-40 

017 

2-50 

Four top leaves . . 


5-98 

0-69 

0-33 

2-46 

Five lowest leaves 

16/2/42 

803 

1-99 

014 

2-40 

Next five leaves . . 



1-.54 

014 

2 09 

Four top leaves . . 

99 

5-38 

0-78 

0*40 

206 

Four top leaves . . 

16/.V42 

5-47 

0-79 

0-41 

2-18 

Four top leavcis . . 

21/4/42 

4-40 

1-28 

0-50 

0-82 

{b) Waimea Went 






Five lowest leaves 

24/12/41 

4*59 

0-97 

0-32 

1*48 

Next five leaves . . 

»♦ 

4-61 

0-68 

0-30 

1-77 

Four top leaves . . 

ft 

4-88 

0-73 

0-41 

1-89 

Five lowest leaves 

12/1/42 

6*14 

103 

1 0-29 

1-72 

Next five leaves . , 


4*95 

0-77 

0-28 

1-88 

Four top leaves . . 

ft 

4-90 

0-58 

0*41 

1-99 

Five lowest leaves 

16/2/42 

5*23 

1*1.'> 

0*28 

1-57 

Next five leaves . . 

>» 

.5-08 

1 00 

0*28 

1-60 

Four top leaves . . 

»> 

4-34 

0-74 

0-54 

1-37 

Five lowest leaves 

16/3/42 

5-97 

1-36 

0-30 

1-82 

Next five leaves . . 

99 

.5-36 

1-08 

0*29 

1-86 

Four top leaves , . 


4-37 

0-77 

0-44 

1*38 

Four top leaves . . 

21/4/42 

4-67 

1-07 

0-42 

1-27 


In the Tasman samples the same trends were apparent for magnesium 
as in the previous season, magnesium being low in the two sets of lower 
leaves and remaining comparatively high in the top leaves throughout the 
sampling period. By 16th March defoliation was too far advanced for more 
than the top sample to be taken. It was, interesting to note that by 21st 
April, browning was present even in the top leaf sample, but it is possible 
that this browning was due to natural ageing rather than to magnesium 
deficiency. On this date the magnesium figure (0*50 per cent. MgO) was well 
above that normally associated with deficiency symptoms. The potash 
remained high, except in the last sample in April. As before, lime was lowest 
in the youngest leaves. 

The magnesium content of the Waimea West samples showed little 
change throughout the period of the experiment, being about 0«30 per cent. 
MgO for the lower leaves and 041 to 0*54 per cent, for the top leaves. The 
potash was not so high as in the Tasman samples, but the figures were 
considerably higher than those reported for the Stoke area in Table II. 
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Weight of Calcium, Magnesium, and Potassium per Leaf 
The data in Tables II and III are expressed in Tables IV and V 
respectively as average weights of CaO, MgO, and KgO per leaf. The 
average weight of dry matter per leaf at each time of sampling is also given. 


Table IV. — Changes in the Mineral Content of Cox’s Orange Leader Leaves 
THROUGHOUT THE SEASON (1940-41) 

(Average weights of dry matter, CaO, MgO, and K^O, per leaf) 


Position on Leader. 

Date 

sampled. 

Dry 

Matter 

(K.). 

(aO 

(mj?.). 

MffO 

(mg.). 

KiO 

(mg.)- 

(a) Taaman 

Five lowest leaves 

10/10/40 

0128 

1-77 

0-42 

2-93 

Five lowest leaves 

23/10/40 

0 182 

2-75 

0-51 

4-09 

Four top leaves . . 

>» 

0 149 

1-25 

0-39 

3-50 

Five lowest leaves 

6/11/40 

99 

0-234 

3-88 

0-65 

5-21 

Four top leaves . . 

0-110 

0-94 

0-32 

2-71 

Five lowest leaves 

20/11/40 

0-269 

4-98 

0-67 

6-03 

Next five leaves . . 

0-223 

2-48 

0-49 

6-07 

Four toj) leaves . . 


0-098 

1-.33 

0-42 

2-28 

Five lowest leaves 

3/12/40 

0-282 

4-60 

0-57 

6-30 

Next five leaves . . 

0-218 

2-31 

0-44 

5-74 

Four top leaves . . 


0-107 

1-04 

0-44 

2-63 

Four lowest leaves 

1 S/12/40 

0-256 

4-22 

0-46 

6-62 

Next four leaves . . 

99 

0-162 

2-11 

0-36 

4-.’)5 

Four top leaves . . 

>» 

0-117 

1-02 

0-46 

3-27 

Fivt* lowest leaves 

23/1/41 

0-216 

4-15 

0-37 

5-06 

Next five loaves . . 


0-169 

2-32 

0-27 

4-01 

Four top leaves . . 

- 

0-122 

0-89 

0-49 

2-47 

Five lowest leaves 

4 3/41 

0-284 

7-25 

0-45 

7-11 

Next five leaves . . 


0-199 

4-15 

0-30 

4-77 

Four top leaves . . 

99 i 

0-144 

2-12 

0-.55 

2-68 

( h ) Stoke 






Five lowest leaves . . . . 1 

10/10/'40 

0-1.30 

* 2-16 

0-69 

1-57 

Five lowest leaves 

23/10/40 

0-186 

3-82 

1 1-17 

1-82 

Four top leaves . . 


0-112 

0-96 

0-40 

1-63 

Five lowest leaves 

1 6/11/40 

0-184 


1-29 

1-71 

Four top leaves . . 


0-090 


0-41 

1-40 

Five lowest leaves 

20/11/40 

»» 

0-222 


1-40 

1-82 

Next five leaves . . 

0-171 


0-84 

1-69 

Four top leaves . . 

»» 

0-097 

•• 

0-55 

1-36 

Five lowest leaves 

4/12/40 

0-225 


1-57 

1-80 

Next five leaves . . 

99 

0-182 


l-OO 

1-62 

Four top leaves . . 

99 

0-125 

1-32 

0-76 

1-61 

Four lowest leaves 

18/12/40 

0-194 

4-03 

1-28 

1-45 

Next four leaves . . 

,, 

0-168 

2-45 

1-01 

1-44 

Four top leaves . . 

» 

0-138 

1-61 

0-93 

1-38 

Five lowest leaves 

23/1/41 

0-211 

5-39 

1-58 

1-09 

Next five leaves . . 

ft 

0-184 

3-25 

1-12 

1-11 

Four top leaves . . 


0-113 

1-39 

0-91 

0-87 

Five lowest leaves • 

4/3/41 

0-207 

5-93 

1-66 

1-08 

Next five leaves . . 

•f 

0-168 

3-71 

1-19 

0-99 

Four top leaves . . 

»» 

0-109 

1-93 

111 

0-77 
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The weights of magnesium per leaf (Table IV) remained consistently 
low in the Tasman samples compared with those from Stoke, the most 
noticeable feature in the former being the slow rise in the four top leaves as 
the season progressed. The lower leaves dropped steadily in total magnesium 
content between 20th November and 23rd January, suggesting that magnesium 
was being drawn from these leaves to supply the top leaves of the growing 
shoot and possibly the fruit also. The difference in potassium content 
between the Tasman and Stoke samples was even more striking expressed 
as mg. KflO per leaf than as percentage of dry matter, owing to the tendency 
for the Stoke leaves to be smaller. The Stoke weights of potash per leaf 
began to decrease in December, probably owing to a removal of potassium 
to supply the young growth and the fruit as in the case of magnesium in 
the Tasman leaders. The weight of calcium per leaf tended to increase 
with age of the leaf, particularly towards the end of the season, in both 
localities. 


Table V, — Changes in the Mineral Content of Cox’s Orange Leader Leaves 
THROUGHOUT THE SEASON (1941-42) 

(Average weights of dry matter, CaO, MgO, and K ,0, per leaf) 


Position on Leader. 


Date 

samjded. 

Dry 

Matter 

(R.). 

CaO 

(mg.)* 

MgO 

(mg.). 

K4O 

(mg.). 

(a) Tasman 







Five lowest leaves 


9/12/41 

0-249 

3.31 

0-47 

4-71 

Next five leaves . . 


0-198 

1-82 

0-44 

4-61 

Four top leaves . . 


*» 

0-056 

0-40 

0-23 

1-08 

Five lowest leaves 


12/1/42 

tt 

0-246 

4-13 

0-34 

6-00 

Next five leaves . . 


0-182 

2-65 

0-31 

4-65 

Four top leaves . , 


» 

0-103 

0-71 

0-34 

2-62 

Five lowest leaves 


16/2/42 

ff 

0-213 

4-24 

0-30 

6-11 

Next five leaves . . 


0-166 

2-64 

0-23 

3-45 

Four top leaves . . 



0-097 

0-76 

0-39 

2-00 

Four top leaves . . 


16/3/42 

0-111 

0-88 

0-46 

2-42 

Four top leaves . . 


21/4/42 

0-122 

1-56 

0-61 

1-00 

(6) Wai^nea West 







Five lowest leaves 


24/12/41 

0-208 

2-02 

0-67 

3-08 

Next five leaves . . 


ff 

0-206 

1-40 

0-62 

3-65 

Four top leaves . . 


ff 

0-141 

1-03 

0-68 

2-66 

Five lowest leaves 


1211/^2 

0-231 

2-38 

0-67 

3-97 

Next ^ve leaves . . 


ff 

0-186 

1-42 

0-62 

3-48 

Four top leaves . . 


ff 

0-130 

0-76 

0-63 

2-69 

Five lowest leaves 


16/2/42 

ff 

0-196 

2-24 

0-56 

3-06 

Next five leaves . . 


0-189 

1-89 

0-63 

3-02 

Four top leaves . . 


ff 

0-127 

0-94 

0-69 

1-74 

Five lowest leaves 


16/3/42 

0-197 

2-68 

0-59 

3-69 

Next five leaves . . 


ff 

0-176 

1-89 

0-61 

3-26 

Four top leaves . . 


ff 

0-126 

0-96 

0-66 

1-73 

Four top leaves . . 

•• 

21/4/42 

0-148 

1-89 

0-74 

1-21 


Ib^will be seen from thp above Table V that the weight of magnesium per 
leaf iilk file lower leaves of the Tasman leaders decrea^ during the period 
Deeen^ber Jbo February, the %flr68 being similar to those found in 
coiries|)0nding sampling periods during the 1940-41 season (Table IV). 
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As before, the top leaves rose in total magnesium content throughout the 
season. These trends were present in the Waimea West samples also, but 
only to a slight degree, and the magnesium content was higher for all 
positions than at Tasman. The potash results do not indicate a withdrawal 
of potassium from the leaves from December on, such as occurs at Stoke 
(Table IV). It seems probable, therefore, that the Waimea West trees are 
adequately supplied with potash, even though the amount taken up by the 
leaves is lower than in the Tasman orchard. The percentage of Kg 0 in the 
dry matter (Table III) is higher than the standard given by American 
workers as indicating an adequate potash uptake — viz., 1 per cent. K 
(equivalent to 1*2 per cent. KjO). 

Calcium shows the same tendency to increase with age of the leaf, as is 
seen in previous tables. 

Magnesium Content of Scorched and Unscorched Leaves on the 

SAME Leader 

In view of the variation in magnesium content that has been shown 
to occur in apple-leaves, an attempt was made to determine a critical figure 
for magnesium below which necrosis was likely to appear in the leaf. Both 
Jonathan and Cox’s Orange leaders frequently show browning due to 
magnesium deficiency from the fourth, fifth, or sixth leaf upwards, with 
several healthy leaves at the bottom of the shoot. On 12th and 13th January, 
1942, adjacent healthy and scorched leaves were obtained from the highest 
and lowest parts of the affected portion of a number of leaders of this ty})e. 
Analyses of these samples are given in Table VI. A number of magnesium 
figures are also given for the highest scorched leaf and the healthy leaf 
above in a number of Jonathan leaders where magnesium deficiency had 
caused defoliation of the leaves on the lower part of the leader. 


Table \T. — Magnesium Content of Adjacf.nt Scorched and Healthy Leaves 
(Expressed as percentage of MgO on the dry-matter basis) 


Variety, ami Position on 
Leader. 

Sample 

(1). 

Sample 

(2). 

Sample 

(3). 

Sample 

(4). 

Sample 

(5). 

Sample 

(<■>). 

I 

I Average. 

(a) Cox's Orange 
Lowest scorched leaf 

0*12 

0*09 

Trace 

% 

0*09 

0*05 

0*10 

0*07 

Healthy leaf below 

0*13 

0*15 

0*08 

0*13 

0 09 

0*16 

0*12 

Highest scorched leaf 

0*09 

0 003 

0 05 

0*(X)5 

0*05 

0*13 

0 05 

Healthy leaf above 

0 15 

0*08 

0*04 

0*11 

012 

0*12 

0*10 

(6) Jonathan 








Lowest scorched leaf 

0*05 

. , 

, , 




. , 

Healthy leaf below 

0*13 


, . 





Highest scorched leaf 

0 02 

005 

010 

o’o? 

0*07 


o-oe 

Healthy leaf above 

0-20 

0-04 

010 

0*10 

1 

013 

1 

on 


It will be seen that all these leaves have magnesium figures below 0*17 per 
cent. MgO. In most cases the healthy leaves are higher in magnesium than 
the neighbouring scorched ones, the former averaging about twice the 
magnesium content of the latter. 

However, it does not seem possible in either variety to fix a critical 
figure below which scorch appears. In the Cox’s Orange variety, leaves 
which were still apparently healthy varied in magnesium content from 0*04 
per cent. MgO to 0*16 per cent., while the scorched leaves ranged from a 
trace too small to be estimated by the 8-hydroxy-quinoline method to values 
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as high as 0*13 per cent- There was therfore considerable overlapping ih 
the magnesium figures for apparently healthy and scorched leaves. Similar 
inconsistencies appeared for the Jonathan leaders. It may be pointed out 
that leaf-ash skeletons(4) have shown that the green tissue surrounding the 
necrotic area of an affected leaf can vary considerably from leaf to leaf in 
the amount of magnesium present. In some cases the amount is too small 
to give a colour with Titan yellow, and in others a distinct pink edging is 
seen. It is therefore likely that the appearance of browning cannot be 
associated with a particular magnesium content of the whole leaf. Using a 
sensitive Titan yellow method reported in a previous paper(5), it has now been 
found possible to estimate magnesium in smaller quantities of plant material 
than a single apple-leaf, and it is hoped to obtain more information by this 
method on the magnesium content of those parts of the leaf which usually 
develop necrosis. It is possible that some definite level of magnesium status 
may be associated with the appearance of scorch in these more localized areas. 

Discussion 

Enough data have not yet been obtained to determine what is the normal 
content and distribution of calcium, magnesium, and potassium in an apple 
leader of the Cox’s Orange variety. 

For instance, neither the Stoke orchard nor the Waimea West orchard 
showed signs of magnesium deficiency, and might be considered to have a 
normal supply of this element. Leader samples from the former gave 
0*5 to 0*8 per cent. MgO for the lower leaves, while the Waimea West leaders 
stayed healthy in the following season with the much lower magnesium 
content of 0*3 per cent. MgO. The Stoke samples may have been abnormally 
high in magnesium owing to an inverse relationship between the magnesium 
and potassium intake, or, on the other hand, at the Waimea orchard, where 
no magnesium had ever been applied on a soil of naturally low magnesium 
content, the trees may have been dangerously low in this element, with the 
possibility of deficiency symptoms appearing at a later period. 

Nor is it possible from the figures given in the preceding tables to generalize 
on the distribution of these elements with position on the leader. Thus 
magnesium showed a rise towards the top of the shoot in the Tasman 
samples but no such rise until later in the season in the Stoke samples. 
Similarly, potassium was highest in the top leaves at Stoke but not in the 
other samples. The distribution of potassium or magnesium in the leader 
appeared to be dependent on the available supply of both these elements 
to the plant. 

Results for magnesium-deficient leader leaves do show that the top leaves 
are not suitable for the diagnosis of this deficiency or for tracing the effect 
of magnesium treatment on the magnesium status of the plant. From 
Table I it will be seen that on the leader shoot the leaves of the lower half 
give the best indication of a shortage of njAgnesium. This is confirmed by 
further detailed work to be published later. 
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THE DETERMINATION OF MOLYBDENUM IN SOILS 

By D. D. Perrin, Department of Agriculture, Animal Kesearch Station, 

Wallace ville 

[He.ceivpd for pMimtiarp^ ISth May^ 1946] 

Summary 

A new procedure for the estimation of traces of molybdenum in soils is 
described. After ashing, the sample is disintegrated with hydrofluoric acid 
and dissolved in hydrochloric acid. Ether extraction of the solution separates 
molybdenum from interfering elements present in soils, with the possible 
exception of rhenium. In particular, interferences from titanium and chromium 
are avoided. The addition of citric acid reduces the amount of vanadium 
extracted to a sufficiently low level. Molybdenum is estimated finally as the 
thiocyanate complex. 

A COMPLETE investigation of the role of molybdenum in animal nutrition 
requires a study of soil, plant, and animal relationships. Before such a 
study can be undertaken, reliable methods for the estimation of molybdenum 
in these materials must be available. An account has already been giveii(3) 
of an improved procedure for the determination of small amounts of 
molybdenum in plant and animal materials. The present work extends 
this research to include soils. 

Since the average molybdenum content of soils appears to be about 
0*5 p.p.m., it is necessary to use a sample of at least 5 g. to provide a 
sufficient concentration of molybdenum in the final solution for reliable 
colorimetric estimation. 

Several methods have been proposed. That due to Stanfield(6) consists 
of prolonged acid extraction of a 200 g. sample on a steam bath, followed 
by direct precipitation of molybdenum as the sulphide and colorimetric 
estimation as the molybdenum thiocyanate complex. Such a procedure 
has several disadvantages ; a very large sample is required, several days’ 
continued extraction on a steam bath is necessary, and direct precipitation 
of molybdenum as the sulphide is difficult when only a minute quantity 
of molybdenum is present, as the precipitate tends to become colloidal. 
Sandell’s method(4), which was originally proposed for the analysis of 
silicate rocks, consists of fusion with sodium carbonate, acidification of the 
aqueous extract of the melt, and colorimetric estimation of molybdenum 
as the thiocyanate. With a 5 g. sample, however, fusion is difficult and 
introduces a considerable quantity of salt. 

In this laboratory, when Sandell’s technique was applied to soils, it 
was found that an extraneous yellow colour, which was extracted by amyl 
alcohol, developed. Wet-digestion of the soil sample with sul})huric, 
perchloric, and nitric acids led to an interfering colour which was also 
found occasionally when soil-contaminated pasture samples were analysed 
for molybdenum. Absorption spectra measurements suggested that the 
interference was due to titanium, and it was found that sufficient titanium 
was present in the solutions concerned to give a false colour. Similarly, 
working with New Zealand soils, Watson(9) found that an ether-soluble 
yellow compound was produced, presumably due, also, to titanium. 

Using the colorimetric procedure described earlier(3), it was found that 
0*7 mg, of titanium is sufficient to cause significant interference. For a 
5 g. sample this corresponds to 0*03 per cent, of titanium dioxide. Soils 
are unlikely to contain less than 0*5 per cent. (7), and in some New Zealand 
soils the figure may exceed 10 per cent.(2). As a method for the 
determination of a trace element should not be affected by other constituents 
of any sample, it has been necessary to consider all possible sources of 
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interference. Levels at which foreign substances cause an error exceeding 
O'Sftg, of molybdenum have abeady been determined(3). These levels 
are expressed below in two forms ; the second column gives the number 
of milligrams, and the third column expresses these results as percentages 
for a 5 g. sample. 


Interfbrknob Levels 


Ion. 

Mk. 

Percentage. 

Ion. 

Mg. 

, Percentage. 

Ag+ .. 

01 

0-002 

AlgOg.. 

1*5 

003 

wo, .. 

013 

0*003 

Cu-f-f.. 

5 

01 

v,o, .. 

0-7 

0*01 

Pb+ + .. 

10 

0-2 

TiO, .. 

1‘2 

0*02 

Co4-+ .. 

12 

0*2 

Cr,0, .. 

1*6 

0*03 

UO, .. 

12 

0*2 

Hg++ .. 

1-6 

0-03 

.. 

20 

0-4 


Figures for rhenium, rhodium, and platinum are not known. 

Low results which were obtained in the presence of aluminium using 
the wet-digestion technique(3) were found to be due to adsorption of 
molybdenum on the aluminium hydroxide precipitate when the solution 
was made alkaline with ammonia. Provided, aluminium is not precipitated, 
no error is introduced. Of the remaining substances listed, titanium, 
chromium, vanadium, and possibly tungsten must be expected in soils 
in concentrations greater than the wet-digestion method allows. Because 
of the presence of interfering substances it was necessary either to free 
the solution from the elements concerned or to isolate molybdenum from 
the solution. 

Preliminary experijaaents showed that precipitation of titanium and 
chromium as hydroxides was not a satisfactory practical method of freeing 
molybdenum from these elements, due to adsorption of molybdenum on 
co-precipitated hydroxides of iron and aluminium normally present. 
Consequently, isolation of molybdenum from the other metals present in 
solution was necessary. 

Direct precipitation of molybdenum as the sulphide is difficult with 
small amounts. However, von Hevesy and Hobbie(8) have reported that 
copper sulphide acts as a collector for molybdenum. This was confirmed 
for the low level studied here, but, as possible interference in the final 
estimation limits the amount of copper that may be present to approxi- 
mately 5 mg., difficulty was experienced in obtaining quantitative recoveries. 
Of the other metals which have been tried as collectors, cadmium appeared 
to be the most suitable, provided a small amount of copper was also 
present to give a sufficiently coarse precipitate to filter easily. However, 
small quantities of interfering elements w^ere retained tenaciously by the 
precipitate even after prolonged washing, so that this method was not 
generally applicable to soils. 

An alternative method of isolating molybdenum from most metals is 
by ether extraction of its solution in aqueous hydrochloric acid(6). Until 
now, use does not appear to have been made of this method. By this 
means a good separation may be obtained from all interfering substances 
except tungsten, vanadium, and, perhaps, rhenium. Unfortunately, as no 
rhenium salts were available, its behaviour towards ether extraction could 
not be tested. Ferric iron is quanfitatively extracted, but ferrous iron 
remains in the aqueous layer. However, it is not practicable to use 
a reducing agent to convert all the iron to the ferrous state, since under 
these .^oj^tions molybdenum cannot be extracted completely. 
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An investigation of the effect of acid concentration on the amount of 
molybdenum extracted showed this factor to be an important one. The 
partition coefficient increases rapidly with the strength of the hydrochloric 
acid until the solution is approximately 6n — sp. gr. 1-10 — and decreases 
rapidly as the acid concentration is further increased. From a solution 
in 6n hydrochloric acid, approximately 70 per cent, of the molybdenum 
is extracted on shaking with an equal volume of ethyl ether, so that 
under these conditions more than 99 per cent, of the molybdenum is 
removed using four extractions. The molybdenum is recovered quantita- 
tively by washing the combined ether extracts with water. The concentration 
of tungsten in the final solution is sufficiently reduced by removal of 
tungstic acid when the acid solution is filtered and by the relatively 
unfavourable partition coefficient of tungstic acid. Molybdenum is not 
retained by the precipitate. By adding citric acid before treatment with 
ether, the extraction of vanadium is decreased to a level at which interference 
is avoided. 

Using the ether extraction technique, the presence of much salt is 
undesirable, owing to clogging of the stopcocks in the separating funnels, 
and for this reason sodium carbonate fusion is impracticable. Treatment 
of the sample for several hours with boiling hydrochloric acid was found 
to leave appreciable quantities of molybdenum in the insoluble residue, 
particularly with pumice and clay soils. Evaporation with hydrofluoric 
and sulphuric acids gives a residue almost completely soluble in hydrochloric 
acid, and this technique is used in the present method. 

Method 

From 10 to 20 g. of soil dried at 100° c. and ground to pass a screen 
flV in. mesh are weighed into a silica basin and ashed at 400-450° o. for 
three hours. At higher temperatures, molybdenum may be lost by 
volatilization as the trioxide(l). For peats, larger samples and longer 
periods of ashing are necessary. Approximately 5 g. of ash are weighed 
in a j)latinum basin, and 10 ml. of distilled water, 2 ml. of concentrated 
sulphuric acid, and 10 ml. of 50 per cent, hydrofluoric acid are added. 
The basin is heated gently on an electric hot-plate until most of the 
hydrofluoric acid and water has evaporated, and then more strongly to 
remove the residual sulphuric acid. The residue is taken up in hydrochloric 
acid (sp. gr. I-IO) and transferred to a 100 ml. beaker. The solution is 
evaporated to approximately 5 ml., filtered through a Whatman No. 40 
filter paper (5*5 cm.) into a separating funnel, and the residue is washed 
thoroughly with more hydrochloric acid until the volume of filtrate is 
approximately 20 ml. After adding 4 ml. of 40 per cent, citric acid in 
constant boiling-point hydrochloric acid, the solution is extracted with 
four 25 ml. portions of ether. The combined ether extracts are shaken 
with three 10 ml. lots of water, the aqueous extracts being run into an 
8 in. X 1 in, Pyrex test-tube containing three small glass beads. This 
aqueous solution contains all the molybdenum and most of the iron 
originally present in the soil sample. After evaporating the solution to about 
3 ml., 4 ml. of constant boiling-point hydrochloric acid is added. Two 
milligrams of ferrous iron are added to the blank and any standards which 
may be included. Three millilitres of 10 per cent, potassium thiocyanate 
solution are then added to each sample, and sufficient 40 per cent, stannous 
chloride in 1 : 9 hydrochloric acid to destroy the red colour due to iron is 
run in from a coarse burette- The approximate volume required is noted, 
since a slight correction has to be applied. The volume is adjusted to 25 ml. 
with distilled water, and molybdenum is then estimated as described in 
an earlier paper(3). 
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If much iron is present, the stannic oxide produced occasionally has 
a stabilizing action when amyl alcohol is shaken with the solution, and 
a water-in-alcohol emulsion may be produced. In this case the emulsion 
is transferred to a centrifuge tube and centrifuged for ten minutes at 
2,000 r.p.m., after which the clear amyl alcohol layer may be filtered off in 
the usual manner. Recoveries showed that there was no absorption of 
molybdenum on the precipitate. 

Discussion 

The previous paper showed certain substances to interfere seriously in 
the determination, whereas other workers have stated that no such inter- 
ference is encountered. This discrepancy is to be attributed to the level 
of molybdenum studied. Interference equivalent to, say 0*3 /xg. of 
molybdenum is negligible in a sample containing 1 mg. of molybdenum, 
but is obviously important if only a few micrograms are present. 

To establish that the proposed method of analysis would be generally 
applicable to such variable material as soil it was necessary to show that 
the concentration in soils of elements that interfere with the colorimetric 
estimation of molybdenum is not high enough to make the results 
unreliable. To standard solutions containing 10 fxg, of molybdenum varying 
amounts of interfering substances were added. These standards were then 
tested as described in the method for soils. It was found that less 
interference than is equivalent to 0*3 fig. of molybdenum was caused by 
the presence of — 

0-5 g. TiOa 0-25 g. Cr^Oa 

26 mg. V gO 5 5 mg. WO 3 

5 mg. Ag + 

These levels are believed to exceed those likely to be met with in a 5 g. 
sample of any soil ash. It was necessary also to investigate whether, in a 
strongly acid solution of phosphate, molybdenum would be as readily 
extracted into ether, or whether phosphomolybdic acid would be formed, 
leading to significantly lower results. Standard solutions containing 
phosphate ion equivalent to ()’25 g. of phosphorus pentoxide were treated 
as above and quantitative recoveries were obtained. This level appears 
to be the maximum which may be met with in any sample. As rhenium 
is believed to be very rare, no substances are likely to be present in 
sufficient amounts to cause interference. 

As a test of the present method a series of recovery experiments was 
carried out in which known amounts of molybdenum were added to soil 
samples before acid treatment. The results obtained are given in Table I 
and show that quantitative recoveries are obtainable by this method. 


Table I. — Recovery of Molybdenum added to Soil 


Deacriptidn of Ash 

Percentage 

Mo added, 
(micro- 
grams.) 

1 

Mo 

Mo 

p.p.m. 

(5 g. of each Sample UBed). 

Ash. 

found. 

calculated. 

Mo in Soil. 

Clay, Waikiekie. . . . 

r 

L 

97-2 

lo’o 

22 

11*7 

12*2 

0-43 

Ngaio silt loam, G33 . . 

r 

L 

96-3 

6-0 

2-8 

7*7 

’ 7*8 

0-k) 

Loam, £982 . . . . 

r 

1 

72-2 

- 6*0 

4*4 

9-4 

9 U 

0-63 

Peat, P146S . . . . ^ 

r 

L 

V li‘3 

^ 10*0 

60 

14-8 

16*0 

0*28 

Axgillad&DiiB sand, G455 . . 

r 

L 

98*9 

lo'o 

60 

161 

16-0 

i-io 

Puniioe, Thornton, £1602 J 

r 

1 

96*6 

6*0 

6*6 

11*0 

li’6 

1-2S 

Tumioe, Wairoa. . 

92*9 


6-6 

, , 


Caay, Waljiwevfile 

94*0 

. . 

2-2 


0*41 
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Soils 

A detailed investigation of the factors involved in the development and 
stability of the molybdenum thiocyanate colour has already been made(3), 
and the results obtained there have been used as the basis of the final 
estimation in the present method. One significant point of difference, 
however, is in the salt concentrations of the final solutions in th(' two 
methods. It was shown previously that salt concentration had a slight 
effect on the intensity of colour of the iso-amyl alcohol extract, and in the 
earlier method this effect was sensibly constant because the salt concentration 
was large and varied only slightly. In the present method iron is the 
only major soil constituent which is appreciably extracted, and an 
approximate indication of the amount present is obtained by rough 
titration with 40 per cent, stannous chloride (1-8 per 0*5 g. FeaO..,— ^.c., 
per 10 per cent. FeaGg for a 5 g. sample). The presence of large amounts of 
iron causes a slight decrease of the colour obtained for a given amount 
of molybdenum. The approximate error is as follows : — 

Grams Fe 2 O 3 in sample . . .. 0*5 1*0 1*5 2*0 3-0 4-0 

Percentage decrease in colour . . 1 2 3 4 7 10 

Over the range for normal soils the correction required is small and for 
most purposes could be neglected. The effect observed with iron in a 
sample includes that due to variation in the amount of stannous chloride 
and the associated change in concentration of hydrochloric acid. The 
correction factor, which is probably due to change of concentration of 
acid, increases more rapidly as iron content increases and the magnitude 
of the correction may be predicted from Fig. 1 of the previous paper(3). 

The present technique is also applicable to the estimation of molybdenum 
in soil-contaminated })a8ture samples. If a pasture sample contains an 
ap})reciable quantity of soil, this is clearly shown by the apj)earance of the 
digest remaining at the close of the wet digestion, which under these conditions 
includes a grey or brown residue. After neutralization with ammonia and 
evaporation almost to dryness as described in the wet-digestion technique, 
the sample is taken up in constant boiling-point hydr 9 chloric acid and treated 
in the same manner as a soil extract. This procedure was found to give 
quantitative recoveries when standard molybdenum solutions were tried. 

The preparation of a calibration curve showed that for any given 
quantity of molybdenum the intensity of the colour of the amyl alcohol 
layer was approximately 3 per cent, greater using the present method than 
it was when the wet-digestion technique was employed. This is in agreement 
with previous observations(3) and is due to the marked difference in salt 
concentration in the two methods. 
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THE CHARACTERISTICS OF THE MILK-EJECTION 
CURVE OF NORMAL DAIRY COWS UNDER 
STANDARD MILKING CONDITIONS 

By W. 6. Whittleston, Ruakura Animal Research Station, Department 

of Agriculture 

{Received for publication, 7th March, IMS’] 

Summary 

By the use of a milk-flow-reoording apparatus the volume/time curves 
for twelve cows milked under strict machine-milking conditions without hand 
stripping have been traced throughout most of a lactation period. 

From these curves the following figures have been obtained : total milk 
weight, actual milking-time, average milk-flow rate, maximum milk-flow rate, 
weight of machine strippings, and time taken to start milking. 

A “ sight glass *’ has been developed which indicates when the milk flow 
falls to a predetermined level. 

The present paper describes the results obtained by recording the milk- 
ejection curves of a dozen cows at intervals throughout the season. The 
apparatus used was similar to that described in an earlier paper(l), with 
the modification that two main cylinders were used on the measuring 
unit, one of which could be cut out by turning a tap. By this means the 
recorder could be operated with two scales so that when low milk yields 
were being considered the scale could be expanded. 

The main object of the work was to ascertain quantitatively what happens 
when cows are milked mechanically under strict non-hand-stripping 
conditions. The conditions of the experiment were as follows : — 

Milking-machine, — Simple single-bail orthodox releaser plant with slide 
pulsators and 7 in. X in. rotary vacuum pump. 

Teat'Cupn, — Telescopic type fitted with Standard J in. straight inflations, 
which were tightened regularly by the use of the telescopic feature. This 
enabled a constant tension to be maintained throughout the life of the 
inflations, which were changed every six weeks. 

Puhator Rate, — 42. 

PulsatoT Ratio, — 50 : 50. 

Pulsator Performance, — Satisfactory (8). 

Vacuum, — 14f in., maintained accurately by oil-damped, weighted relief 
valve. 

Shed Technique, — The cows were leg-roped. The udders were washed 
immediately prior to the teat-cups being applied. Except during a short 
preliminary period when “ machine strippiijg was omitted, the teat-cups, 
as soon as the milk flow declined as indicated by the “ sight glass ” on the 
machine, were pulled down by hand ( “ machine stripping ”), and when 
milk flow had again dropped the cups were removed and the cows let out. 
The cows were milked in a regular order and milking started at the same 
times each day. 

Details of the cows used in the experiment and their previous season’s 
treatment are set out in Table I. 

At the beginning of the experiment records were made twice a week, 
but during the main period weekly r^brds only were made. The recording 
unit wa» used in such a way t£at its operator was not in evidence throughout 
milking, thus ensuring normal conditions for the tests. When the flow rate 
had fallW to about 0*5 lb. of milk par minute according to the graph in the 
recorder, the signal was given by an indicator lamp for the cups to be pulled 
down. When the rate had fallen to this level again, the cups were removed. 
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An indicating device was developed subsequently (see Appendix) which indi- 
cated the fall in milk flow quantitatively. This was used between recordings 
to ensure uniformity of milking conditions. 

At the end of the season the recorder was used with the single measuring 
cylinder in operation, thus expanding the scale and increasing the accuracy. 

In order to simplify the making of comparisons and in order to put some 
aspects of the results on a quantitative basis, certain characteristics 
of the milk-flow curves have been measured. The following are the 
characteristics : — 

Total milk weight (W). (Note. — ^As this is measured by the fifty studs 
in the measuring cylinder of the recorder, high percentage error may occur 
at low values. Each stud represents 0*544 lb. of milk when the two main 
cylinders are used and 0*281 lb. when one cylinder is used.) 



Total milking-time (T). This is the time from the application of the 
teat-cups until the last unit of milk is recorded. Only a small error is 
involved in this measurement. 

Average milk-flow rate (W/T). To speed up the determination of this 
quantity a simple protractor was used, as for the next figure (W/T max.). 
This involved an error under certain conditions, which explains why calculated 
values of W/T do not always agree with the values given. However, the 
variance of the results is such that their significance depends on the numbers 
and not on the accuracy of a single determination. 

Maximum milk-fiow rate (W/T max.). The reason for taking out this 
figure was primarily to have some indication of the liquid-handling 
requirement of the milking-machine. 
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Machine strippings (MS). This figure is the amount of milk given after 
the teat-cups had been pulled down. As the amounts are small, in general 
the figure must be treated as an index of the tendency towards giving 
strippings rather than an exact measure. 

Time to deliver first unit of milk (0*544 lb.) (0- This figure gives an 
accurate indication of the time taken for the cow to deliver a constant small 
amount of milk. It is therefore an index of the time taken after the 
application of the teat-cups for the milk to start flowing. 

The units used in measurement are : W lb., T minutes, t minutes. 

The asterisks indicate the days on which teat-cup liners (inflations) of 
the milking-machine were tightened, and the daggers the days on which they 
were changed. 



The data obtained during the experiment are set out as a series of 
milk-flow curves obtained as tracings from the original recordings and as a 
series of graphs. Each of the twelve cows will be. discussed in order of milking 
and a summary of the chief characteristics of the group given. 

Cow 1 (04) ~ Figure 1 sets out the variations in the characteristics of 
the milk-flow curves throughout the season, while Fig. 2 gives the tracings 
of the actual milk-flow curves. The decline in milk-flow rate with declining 
yield is one of the features of this cow. There is no great tendency for 
machine stripping to increase. The time taken to start milking tends to 
increase and become erratic. 

In the milk-flow graphs (Fig. 2) the point marked with an arrow shows 
where the cups were pulled down. The dotted portion is the continuation 
of the curve after the last unit of milk has been delivered. A small x indicates 
a point at which the cows had kicked the teat-cups off. The ideal curve 
would have no “ foot ” and would stop suddenly when the gradient starts 
to decrease. The second curve for cow 1 shows these characteristics. 
Generally, however, the curve departs considerably from the ideal. 
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Cow 2 (x4),—YigaTe 3 sets out the changing characteristics and Fig. 4 
the actual milk-flow curves. Again there is a fall in average milking-rate as 
the yield declines. Machine strippings do not increase, but there is a marked 




• Fio.4. 

in starting-time (t). The milk-flow curves are more regular in this case, 
though towards the end an irregular shape develops. Until the end of the 
season the curve shows a low starting-time and a good average fl.ow rate. 
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Cow 3 (58 ). — Figures 5 and 6 set out the results for this cow. Average 
milking-rate again cieclines, machine strippings do not vary significantly, 
and starting-time shows no great variation except for the last point on the 
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graph (Fig. 5), which is very high. Figure 6 shows this cow to be somewha]t 
irregular in yield. The last curve shown followed a recording at which 
milk was given. Data for this curve are not given in Fig. 5. This cow calved 
earlier than the previous ones and the first part of the season was missed. 


7--ScJence 









jTifgular. Figure 8 shows that the mUk-flow curves maintain a constant 
di^cteristic throughout the season. This cow has excellent machine- 
milking characteristics. 







195 


1946] Whittleston. — Characteristics of Milk-ejection 

Curve of Normal Dairy Cows 

Cow 5 (83 ), — Figures 9 and 10 show this cow to be a thoroughly 
unsatisfactory milker. She has a low average milking-rate, a variable and 
sometimes long starting-time, and an erratic yield. She dried off 




Fia. 10, 

prematurely under the milking conditions to which she was subjected. It 
is interesting to note that she does not give much milk as machine strippings. 
Such a cow is obviously unsuited to machine milking. During the previous 
Reason she milked for 193 days when hand stripped. 




part of the starting-time. Machine strippings, which are a small 
quantity, show a tendency to rise. Generally the milk-flow curves are 
fairly regular. The cow is a good machine milker. 
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Cow 7 ( 121 ), — Figures 13 and 14 show this cow to be an excellent machine 
milker. Machine strippings are negligible, milking-time is low, there is no 
significant rise in starting-time, and the average flow rate is very regular. 




Fio. 14. 





K) 



Sniln. 

Fio. 16 . 


startiUg-time becomes irregular. There is a steady fall in average milk-flow 
rate. Machine strippings are low, but show a variable increase towards the 
end of the period. The milk-flbw curves (Fig. 16 ) are very regular until the 
end of laotfi^n becomes evident. 






rising tendency towards the end. ^The milk-flow curves are of good form 
until the latter weeks of the season, when they become erratic and show poor 
characteristics. The ** letting down ” of the milk has become delayed and 
irregular. 
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Cow 10 (128 ), — The results set out in Figs. 19 and 20 show an unusual 
amount of variation in the amount of machine stripping during the latter 
part of the period. Similarly, a marked variation in starting-time is to be 
seen. Average milking-rate shows a steady decline, while there is a distinct 


w m jiP ^ m m ^fp 114 

Days tn rmtk, 

Fio. 19. 


Fio. 20. 


increase in the variability of yield towards the end. The milk-flow curves 
dtinug the first parts of the period of test are excellent. Towards the end 
the curves show a remarkable increase in machine strippings on some 
occasions. This phenomenon shows no regularity. 
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Cow n (S4 ). — Figures 21 and 22 show another picture of a cow unsuited 
to machine milking, though whether better results could be obtained by hand 
milking or by machine milking and hand stripping is open to doubt. The 




cow is a poor producer with erratic characteristics. The starting-time is 
very variable, as is the 3 deld. The cow dried off prematurely. Though 
machine strippings are not great, this cow shows a relatively high percentage 
of strippings because of her poor yield. 
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Cow 12 (142 ), — The most striking feature of the characteristics of this 
cow as shown in Figs. 23 and 24 is the low average milking-rate. There is 
only a slight trend downwards in this figure, and it is followed closely by 
the maximum milk-flow curve, whieh in most cases is relatively independent 


mitk 


Fio. 23. 


Fig. 24. 


of the average figure. Considerable variation in the starting-time is to be 
while machine strippings are steady and of low order. There appears 
to he no relation in this case between slow mjilking and machine strippings. 
The milk is probably let down normally, but is <&awn slowly because oi a 
simdl papillary duct or tight teat sphincter. 
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Discussion 

The foregoing results are essentially a quantitative description of how 
a number of different sorts of cows milk under strict machine-milking 
conditions. The following generalizations are of some interest. 

The average milk-flow rate tends to decline towards the end of the season. 
This means that the time taken to milk does not in general decrease. 

The machine strippings ’’ do not increase significantly with declining 
yield when expressed in actual amounts. The percentage of milk yielded as 
machine strippings increases, however. This fact fits Petersen’s suggestion 
as to the nature of machine strippings(2) as usually obtained — that they 
are due to the teat-cups crawling up the teats and causing the upper portion 
of the lumen of the teat to be closed off. 

There is a tendency for the starting-time (t) to increase and become 
erratic towards the end of lactation. This is a factor in reducing the average 
milking-rate. If the milk let-down reflex is to be regarded as a “ conditioned 
reflex ”(3, 4), this irregularity would have to be explained as being due to a 
failure of the suggested hormonal mechanism(3, 5, 6). Constant “ rt*inforce- 
ment ” strengthens a conditioned reflex(7), so that there should be no tendency 
for the nervous reflex component of the milk let-down process to fail towards 
the end of lactation. On the other hand, a tendency towards partial failure 
of the posterior lobe of the pituitary gland to supply adequate amounts of 
the “ let-down factor ” to ensure complete milking might well be associated 
with other endocrine changes accompanying failing lactation. 

Table II sets out the average values of W, T, W/T, W/T (max.), MS, 
and i for each cow. 


Table 11. — Average Values 


Cow No. 

W. 

T. 

WVT. 

W/T. 

(max.). 

MS. 

04 

11-5 

5-34 

2-38 

5-48 

1-82 

0-69 

X4 

8-45 

3-95 

2-23 

4-34 

0-57 

0-83 

58 

7-0 

2-8 

2-6 

5-3 

0-4 

0-45 

126 

7-77 

4-01 

203 

4-38 

0-56 

0-51 

83 

3-9 

4-1 

0-9 

1-5 

0-4 

1-21 

180 

5-94 

3-71 

1-71 

2-90 

0-32 

0-72 

121 

704 

3-70 

1-97 

3-11 

0-19 

0-69 

113 

6-58 

4-22 

1-51 

2-76 

0-49 

0-71 

277 

9-20 

5-11 

1-77 

3-36 

0-80 

0-74 

128 

10-60 

4-65 

2-24 

4-76 

1-12 

0-53 

34 

6-8 

5-0 

1-1 

2-0 

1-1 

1-12 

142 

6-84 

5-90 

115 

2-0 

0-50 

1-22 


7-56 

4-37 

1-80 

3-49 

0-69 

0-79 


The average time taken for the milk to be let down, (^) — i.e., 0*79 minutes 
— suggests that the application of the teat-cups is the main stimulus initiating 
the reflex. Ely and Petersen(3) show that the hormone secreted by the 
pituitary gland takes forty-five seconds to take effect. Where a cow takes 
a shorter time on the average to let down her milk, it is likely that the 
preliminaries to milking are acting as the stimuli to the let-down reflex. 
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An interesting point in this connection is the fact that milk let down 
appears to be necessary before the cow starts to milk at any significant 
rate, despite the fact that there is milk in the milk cistern which could be 
withdrawn. Is the sudden rise in pressure associated with the letting-down 
of the milk necessary to initiate flow by helping the vacuum to overcome the 
initial resistance offered by the teat sphincter ? This point will be examined 
in future experiments. 



The average milking-time of 4’37 minutes is shorter than that obtaining 
on the average farm. In an investigation into non-stripping some time ago(d) 
it found that the average rate of milking on the farms examined was 
7*25 cow*s/hoii|r/set of cups* This gives an average time of 8*3 minutes. 
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The time taken to change the cups should not exceed 1 J minutes, so that it is 
evident that, on the average, the cups are left longer on the cow than is 
necessary. A more precise means of determining when the cow has stopped 
milking would be a help in this connection. It is possible that the ‘‘ sight 
glass ” described in the Appendix to this paper may be developed into a 
suitable form for use on the ordinary farm. 

In conclusion, it might be noted that under the conditions of milking 
described above, only one-quarter of the forty-eight showed signs of mild 
subclinical mastitis during the season. This would indicate that there is no 
factor in the strict machine-milking procedure which is harmful to the health 
of the udder. 
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Appendix 

A Milk-flow-indicating Sight Glass 

The object of this sight glass is to give a definite indication of the point at which the 
milk flow from the cow falls to a level at which we can regard the milking process as 
complete. As can be seen from the shape of the milk-flow curve, there is no sudden 
termination of milk flow. However, there is a more or less rapid change in rate of flow 
towards the end of milking. We have selected a rate of flow of about 0-5 lb. of milk /miniita 
as a suitable jioint at which to regard milking as substantially complete. When the 
flow rate falls to this level, the cups arc pulled down. When the rate again falls, the cups 
arc removed. 

Figure 25 shows the essentials of this indicator in section. The milk enters by tube 
(1), leaving the unit by tube (2), which is connected to the milk-pipe of the machine. 
The level of the milk in the device is shown in tube (5), which is made of Pyrex glass. 
Just where tube (2) leaves the bottom of the unit a small hole is drilled. This hole 
determines the rate at which the milk flows from the device and is adjusted so that the 
milk level is half-way up tube (5) when the flow is 0*5 Ib./miniite. When the flow is 
above this level, tube (5) fills ; when it is below, the tube empties. At (4) is a rubber 
bung which can be removed for the purpose of cleaning hole (3). So far this has been 
found unnecessary. 

The device has been found very useful as a means of standardizing the point at which 
the teat-cups are removed. In a modified form it may be useful to the farmer. 
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THE INHERITANCE OF “PARROT-BEAK” IN 
NEW ZEALAND MILKING SHORTHORNS* 

By J. M. Banstead, Matongi 

[Received for publiceUion, 12th June, 194$] 

Summary 

Parrot-beak is inherited as a simple recessive autosomal lethal factor^ 
and the condition is briefly described and illustrated. 

The inheritance of parrot-beak in the author’s strain of pedigree milking 
Shorthorns is traced back to the bull Hippo, whose immediate ancestors were 
imported from England. 

It is suggested that the cases in the United States of America reported by 
Snyder, and by Heizer and Hervey, inherited the factor from the same source. 

The possibility of unwittingly distributing lethal factors through bulls used 
at artificial insemination centres is stressed. 

In 1935 Professor Snyder, of Ohio State University, reported the discovery 
of a recessive lethal factor in cattle which he named “ parrot-beak ”(1). 
In the heterozygous condition the calves are perfectly normal, and show no 
evidence of carrying the lethal factor. In the homozygous condition the 
factor produces calves with an abnormally shortened lower jaw, in which the 
molar teeth are impacted. These calves never live more than a few hours 
and may even be born dead. 

This discovery was brought to the notice of Heizer and Hervey(2), who 
made an investigation of the milking Shorthorn herd in which the defect was 
found. There were not enough matings nor enough information to compute 
expected ratios of normal to defective offspring and to compare such ratios 
with those actually observed. In only five cases could the parentage be 
traced accurately, but altogether there had been about eight cases of this 
defect in the herd. The close relationship of the five calves whose parentage 
was known suggested that this character is inherited as a simple one-factor 
recessive. 

Although Snyder was the first to publish an account of parrot-beak as 
occurring in the United States of America, yet at that time a new recessive 
lethal had already been recorded by Annett(3) as occurring in milking 
Shorthorn cattle in New Zealand. 

When Dr. Annett first informed me of the fact that he had noticed several 
fatal cases of defective lower jaw in the calves of the bull that he had 
purchased from me, I was loth to agree that inbreeding had brought to light 
an inherent defect in my bull. I was inclined to attribute the condition 
to malnutrition of the dam during pregnancy, possibly through mineral 
deficiency(4). I was confirmed in this belief because I could not remember 
a case of parrot-beak occurring in my he;rd, though for many years past I 
had been inbreeding very considerably. Shortly after this, however, a 
cow in my own herd gave birth to a calf with parrot-beak. This led me to 
make a careful search through my records, and, to my surprise, I found that 
a solitary case had occurred a few years previously. This case had not 
impessed itself on my memory ; at the time I probably put it down to an 
accident in the development of the foetus, a somatic variation that was not 
heretoary. The sire of the two parrot-beak calves in my herd was Matangi 
Quality 4th*s Boy. He was also the sire of Matangi Superfine 2nd, the bull 
referred to in Dr. Annett’s paper. 

I had sold Matangi Quality 4th’s Boy^s twin brother, Matangi Quality 
4th’8 Lad, to Mr. G. D. Hal}, Kiokio, Waikato, and on inquiry learned that 
descendants of this bull also had left parrot-beak calves. Figure 1 shows at 

pa^r was presented at the sixth annual oonferenoe of the New Zealand 
Society of Animal Production, 
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A glance the manner in which parrot-beak was transmitted in Mr. Hall’s 
herd. Roman figures to the left indicate generations, Arabic figures locate 
individuals. Full particulais of these, herd-book numbers, breeders, &c., 
appear in the Appendix. Matangi Quality 4th’s Lad (line 1, No. 4) was 
mated with cows of Coates’ Herd Book, Australian Illawarra, and New 
Zealand non-pedigree origin. In brother-sister matings of the offspring, 
Pinedale Lad (line 2, No. 5), gave two parrot-beak calves, and Pinedale 
Quality Lad (line 2, No. 3) gave one. Pinedale Quality Lad also gave two 
parrot-beak calves (line 4, Nos. 2 and 3) from matings with Pinedale Lad’s 
daughters. Matangi Quality 4th’s Lad himself left a parrot-beak calf 
(line 4, No. 1) when mated with one of his granddaughters. Mr. Hall 
notified me of the birth of the latter calf ; I was able to see it alive, and, 
after it was destroyed, photograph the head and lower jaw, with molars 
impacted and jaw-bone fractured (Figs. 2, 3, and 4). 



FiO. 1. — Family history of calves with parrot-beak. Bred by Mr. G. D. Hall. 
Kiokio, Waikato. (Bee Appendix for full details.) 


Dr. Annett described the abnormality as follows : ‘‘A deformity of the 
lower jaw, which was only half the normal length. The teeth were normal 
and the tongue, having no support, bung straight down outside the 
mouth . . . such a calf cannot suck its dam, and, even if it survived, 

could not subsequently graze.” When Dr. Annett described the teeth as 
normal, he evidently referred to the incisors, which were plainly visible ; 
he had not thought of inspecting the molars (Fig. 4). 

So Lerner(5), who had classified the parrot-beak of Heizer and Hervey as 
A14, impacted molars,” classified Annett’s lethal as A19, Agnathia.” 
But on comparing the photographs of Hall’s parrot-beak calf with those of 
Heizer and Hervey ’s it seems evident that the same lethal factor is concerned. 
In both cases the molars are impacted and the left side of the jaw-bone is 
fractured. Also, in both cases, the lethal appears to be inherited as a simple 
recessive. ' 

In a private letter dated 28th September, 1938, giving particulars of 
the calves born in his herd during the five seasons ending 1935-36, Dr. Annett 
says : “ Sixty-one cows not lelated to Matangi Superfine 2nd have given 
155 calves by him. None of these calves have the undershot jaw. Thirty-one 
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of Superfine 2nd’s own daughters have been put to Su})erfine 2nd and have 
given 56 calves. Of these 56 calves, 6 were noted as having undershot 
jaws.” This mating should have given the 7 : 1 latio — i,e., 49 normal to 
7 parrot-beak ; actually, 50 normal to 6 parrot-beak were born. 

Then my brother, Thos. L. Ranstead, Matangi, told me that a parrot- 
beak calf had appeared in his herd some years previously. His cow, Matangi 
Ruth 2nd, held the New Zealand record for a senior three-year-old under 
C.O.R. test. He put her to my bull Matangi Quality 4th's Boy, whose darn 
held the world’s record for a senior four-year-old under C.O.R. test. A 



Fig. 4. — Lower jaw-bone of parrot- beaked calf showing 
the impacted molare and the fracture on the left 
side of the jaw-bone. 


bull calf from this mating sold for 205 guineas, so it is easily understood 
how the mating came to bo repeated four times. This resulted in five 
normal calves — ^3 male, 2 fepaale. Two of these were mated, resulting in a 
parrot-beak female. This mating was repeated twice, resulting in two 
normal males. 

In 1934 Miss Wotherspoon, Horsham Downs, Waikato, purchased a bull 
calf from me. This bull, when a little over a year old, was mated with 
six yearling heifers and six two-year-olds. When these commenced to calve 
in 1936 Miss Wotherspoon complained that all the calves were deformed. 
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Tlie deformity in the calves was parrot-beak, so I at once knew that the 
bull thl^t I had sold her was a carrier. I told Miss Wotherspoon that not 
all of the calves would be deformed. The chances were that the bull would 
hand on the factor to one-half of his offspring, and that these would not 
show the defect unless they also received the same recessive factor for 
parrot-beak from their dams, in which case her own cattle would be just as> 
much to blame as my bull. 

In order to obtain exact information I paid Miss Wotherspoon a visit, and 
the information I then gathered appears on the charts A and B in Fig. 5. 
I found that out of the twelve calves (B, line 3, Nos. 1 to 12) by my bull 
(B, line 2, No. 1) only three were deformed. The dams of the twelve calves 
(B, Ijne 2, Nos. 2 to 6, bom 1933, and Nos. 7 to 13, born 1934) were bred by 
Miss Wotherspoon, and were by a bull (B, line 1, No. 1) purchased from 
Mr. Hall. This bull and the bull that I sold to Miss Wotherspoon (B, line 2, 
No. 1) were related, their sires being the twin bulls Matangi Quality 4th’ s 
Lad and Matangi Quality 4th*s Boy, which had proved themselves carriers- 



Fio. 5a and 5b. — ^Family history of calves with parrot-beak. Bred by Miss J. Wother- 
spoon, Horsham Downs, Waikato, New Zealand. (See Appendix for full details.) 


in Mr. Halls’ and my own herd. The bull purchased from Mr. Hall waa 
evidently a carrier of the recefilsive factor, and so might be expected to pasa 
it on to six of his twelve daughters. The bull purchased from me must also 
have been a carrier, and when mated with the twelve daughters, a 7 : 1 ratio 
could be expected — i,e., one parrot-beak in every eightnalves born. Actually, 
double the expected number were born — one parrot-beak in every four 
births. 

I also learned that a case of pahrot-beak had occurred in Misa 
Wotherspoon’s herd in 1935. Four of the above mentioned two-year-olds 
(B, line 2, Nos, 2 to 5) were mate4 the year before, when they wefe yearlings 
(A, line 2, Nos. 2 to 5), to a yearUng bull j(A, line 2, No. 1) bred on the farm 
by the same bull as themselves, Hall’s bull (A, line 1, No. 1 ; also B, line 1) 
ilo. 1). This yearling bull that Miss Wotherspoon bred (A, line 2, No. 1, 
had evidently received the re^ssive factor from his sire. Hall’s bull, and 
00 had soiue of his half-sisters, for one of the four calves born from this 
ma^ng hikd parrot-beak (A^ liUe 3, No. 1); The following season the dam 
of this pf^ro^beak calf had a normal calf (B, line 3, No. 1) by my carrier bull. 
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Pedigrees are the basis of the study of heredity, but their value depends 
absolutely on the care with which the records are compiled. As many 
family histories as possible of the character to be studied, should be collected. 
They must then be carefully examined to see if a reasonable explanation can 
be given of the method of inheritance of the character concerned. I have 
collected four family histories of parrot-beak in pedigree milking Shorthorns. 
In Fig. 6, referring to the cattle of Ranstead Bros. (John M. Ranstead and 
Thos. L. Ranstead), the transmission of parrot-beak can be explained most 
readily by assuming that it is due to a simple autosomal recessfve factor, 
introduced by the Coates’ Herd Book bull Hippo (line 1, No. 2). As 
mutations are extremely rare, occurring around the magnitude of one mutation 
of each gene in 100,000 or 1,000,000 generations(6), it seems likely that 
Hippo, whose immediate ancestors were imported from England, inherited 
the factor from the same source as Heizer and Hervey’s cases. These were 
also milking Shorthorns of English origin, and if records of their pedigrees 
were available, a comparison with Hippo’s breeding would enable a check up 



Fig. 6. — Family history of calves with parrot-beak. Bred by Raustead Bros., 
Hatangi, Waikato, New Zealand. (See Appendix for full details.) 


to be made. When an explanation which seems reasonable has been assumed, 
it may be checked by making test matings. As the animals in Fig. 6 are 
all dead, it is not possible to make any test matings with them ; but, as the 
most important of them were used extensively for breeding purposes while 
alive and very accurate records were kept, it is possible by looking through 
the records to select suitable matings for tjhecking purposes. 

Running back through the chart (Fig. 6), from the parrot-beak calf 
No. 1 on line 7, there is no doubt that Quality 4th*s Boy is a carrier ; but 
there is a doubt about Pinedale Boss, No. 4 on line 5. On checking his 
records it is found that he was mated with twenty daughters of Quality 
4th’s Boy, who was a carrier. From such matings, if Boss were a carrier, 
one calf in eight, the 7 : 1 ratio, should have exhibited parrot-beak. Actually, 
from these matings. Boss left 35 normal calves. Mated with his own 
daughter. Boss left a normal calf, and mated with other relations in the 
herd, from seven cows he left 10 normal calves. So I have assumed that 
Boss did not carry the factor. There is also a doubt about Jewel’s Prince, 
No. 2 on line 3, the sire of Quality 4th’s Boy. It is recorded that Quality 
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4th*s Boy, a carrier, was mated with nine daughters of Jewel’s Prince, and 
these matings produced 54 calves. If Jewel’s Prince had been a carrier, one 
in eight of these calves should have exhibited parrot-beak. All were normal. 
So I have assumed that Jewel’s Prince did not carry the factor. Going back 
still further, Matangi Prince was checked up (No. 4, line 2). Quality 4th’s 
Boy, a carrier, mated with six daughters of Prince, left 38 normal calves 
instead of parrot-beaks in the 7 : 1 ratio which would have been expected if 
Prince had been a carrier. So I have assumed that Prince did not carry 
the factor^ Going back to Dominion Esau of Ruakuia (No. 5, on line 1) 
it is recorded that seven of his daughters were mated with Quality 4th's 
Boy, the known carrier, and 15 normal calves were born instead of parrot- 
beak calves in the 7 : 1 ratio. So I have assumed that Esau was not a 
carrier. As Nos. 1 and 2 are of Coates’ Herd Book origin and No. 3 is of 
unknown parentage, and having reached line 1 and eliminated all sources 
of parrot-beak but Nos. 1, 2, and 3, the odds seem to be 2 to 1 on Coates’ 
Herd Book. As it is unlikely that both Nos. 1 and 2 should introduce such 
a rare factor, and as No. 2 must have introduced it if No. 3 is cut out, I 
have assumed that No. 2 (Hippo) is the guilty animal. 

In cattle-breeding the smallness of the numbers involved affects the 
statistical examination of the results. Expected ratios are rarely observed. 
For instance, Matangi Quality 4th’s Boy, who was a carrier, when mated 
with twelve of his own daughters, left 20 normal calves. Mated with ten 
half-sisters, he left 58 normal calves. If no further matings with near 
relations had taken place, parrot-beak would not have appeared in my herd. 
But when mated with five granddaughters he left 8 calves — 7 normal and 1 
with parrot-beak. Again, when mated with two daughters of his great- 
grandfather, he left 3 calves — 2 normal and 1 with parrot- beak. 

Though the above results seem very erratic, when they are considered 
together with those of Dr. Annett, Miss Wotherspoon, and Thos. L. Ranstead 
(Mr. Hall’s results are not suitable for consideration because the number of 
normal calves was not given), a different picture is presented. I have 
arranged below, in tabular form, all the matings, in the four herds under 
consideration, of known carrier bulls with known and possible carrier cows, 
and the results give nearly the expected ratios. In the matings shown, 
67 cows gave 1()6 calves. The theoretical expectancy of 91*48 normal to 
14*52 parrot-beak calves is closely approximated by the actual result of 
93 normal and 13 parrot-beak. 


Table I. — Inheritance of Parrot-beak in Matings of Known Carrier Bulls with 
Known and Possible Careibr Cows 


Owners. 

MatingH. 

Calves. 

BullH 

(H.B. 

No.). 

Cows. • 

No. 

Expected. 

Actual. 

Relation to Bull. 

No. 

Ratio. 

Normal. 

Parrot- 

beak. 

Normal. 

Parrot- 

beak. 

Dr. Annett 

5013 

DauKht«rs 

31 

56 

7:3 

49 

7 

50 

6 

Thos. L. Ranstead . . 

7022 

Full sister (carrier) 

1 

3 

3 : 1 

3-76 

1-25 

2 

1 

John M. Ranstead . . 

4245 

Daughter of great- 

1 

2 

3:1 

1-5 

0-5 

1 

1 



grandfather 










(carrier) 










Daughter of great- 

1 

1 

7:1 

0-875 

0-125 

1 

0 



grandfather 










Daughters 

12 

20 

7:1 

17-6 

2-5 

20 

0 



Granddaughters. . 

6 

8 

6:1 

6-857 

1-143 

7 

1 

Mies J. Wotherspoon 

8147 

Half-sisters 

4 

4 

7:1 

3-5 

0-6 

3 

1 


7941 

Daughters of 6059 

12 

12 

7 :1 

10-5 

1-6 

9 

3 




67 

106 

•• 

91*48 

14-52 

93 

13 
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Quality 4th’s Boy was used for eleven seasons, leaving 195 normal and 
2 parrot-beak calves. During that period my herd averaged 37 head of 
cows in milk, all of which had been bred on the farm and were related to 
Quality 4th’s Boy. After him, his son, grandson, great-grandson, great- 
great-grandson, and great-great-great-grandson have been used in my herd,, 
leaving no parrot-beak calves. I have only dealt in small numbers, and 
luck has been on my side. 

My experience has a bearing on artificial insemination, for which work a 
bull is selected after a relatively small number of matings. Sires for this 
work are proven on a basis of butterfat production only, usually in the herd 
of one owner, and it does not seem possible to prove a bull for lethals in one 
herd at such an age that he could be used for artificial insemination work. 
If a bull selected for artificial insemination work carried a lethal factor, and 
if he were followed by a carrier son, following the advice that, “ The next 
best bull to a proven sire is the son of a proven sire ”(7), the total of the large 
number of matings would probably give the expected ratio of normal to 
lethal. But the various groups of these matings would not do so. In some 
herds the lethal might not come to expression, in others, what appeared to 
be an epidemic, might occur. 
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APPENDIX 

Numbers refer to the New Zealand Milking Shorthorn Herd- book unless otherwise 
stated. 

N,Z.S. ^ New Zealand Shorthorn Herd Book, which only admits cattle eligible for 
Coates’ Herd Book. 

Darbcdara — from the Darbalara Herd of Australian Illawarra Shorthorns, not eligible 
for N.Z.S. or Coates’ Herd Book. 

/S.N. = Station number, owner’s private brand. 


Figure 1 

Line. No. 

I 1 Female: Olenhank Priwe^s 2nd, 17863 ; colour red; born Aug., 1924 ; 

bred by Mr. Jno. Nicol, Ardmore, Auckland ; by Onewhero Rufus, 
2892, whose sire and dam were bred by Ranstead Bros. 

2 Female: Glenbank Rose 2nd, 16268 ; colour red ; bom July, 1923 ; bred 

by Mr. Jno. Nicol, Ardmore, Auckland ; by Onewhero Rufus, 2892. 

3 Female : Pinedale BeV, 15538 ; colour red and white ; born Aug., 1923 ; 

bred by Mr. G. D. Hall ; by Field Marshal of Cornwall Park, 709 ; 
bred by Mr. J. C. Wright, Matapu, Taranaki. Field Marshal of 
Cornwall Park was by Acorn of Oakdale, 46 (imported Australian 
Illawarra). Ifleld Marshal was sold to Mr. W. Gadsby, Te Kuiti, 
Auckland, at the age of 14 months for 205 guineas. 

4 Male : Matangi Quality dtk's Lad, 4246 ; colour roan ; born June, 1925 ; 

bred by John M. Ranstead. 

6 Female: Glenbank Plum, 12345; colour red; born Aug., 1919; bred 
by Mr. Jno. Nicol, Ardmore, Auckland ; by Hukerewai Count 3rd, 
4033 N.Z.S. ; bred by Mr. Alex. D. Bell, Clevedon, Auckland. 
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APPENDIX — amtiiMted 
PiGDSx 1 — cvniinwd 

line. No. 

6 Femah ; Olerihanh Rose 2nd, 16268 ; colour red ; bom July, 1923 ; bred 

by Mr. Jno. Kiool, Ardmore, Auckland, by Onewbere Rufus, 2892. 

7 Fenude: Waitangi Rosd)loom 2nd, 11666 ; colour red and white; born 

Aug,, 1926 ; bred by Mr. A. J. McQovern, Kiokio, Auckland ; by 
Waitangi Marshal, 2120, whose sire and dam were imported from 
Darbalara, Australia. 

II 1 Female : PineMe Dot, 19284 ; colour light roan ; bom July, 1927. 

2 Male : Riverdale Goldmine 44th, 5125 ; colour red ; born Sept., 1927 ; 

bred by Mr. T. W. Wardlaw, Waimana, Bay of Plenty ; by Pine 
Farm Goldmine, 2886, out of Riverdale Florrie 2nd, 8670. Pine 
Farm Goldmine was by Marlborough of Darbalara, 110 (imp.), out 
of Lilly, 96, a non-pecHgree cow that held the New Zealand record 
for the breed in the early days of the C.O.R. test. 

3 Male : Pinedale Quality Lad, 7591 ; colour roan ; born Aug., 1933. 

4 Female ; Pinedale Rona, 19300 ; colour light roan ; bom July, 1927. 

6 Male : Pinedale Lad, 4734 ; colour dark red ; born July, 1927. 

6 Female : Pinedale Rosette, 21677 ; colour red, little white ; born July, 

1929. 

7 Female : Pinedale Rosebloom, 23962 ; colour roan ; born Aug., 1930. 

" 8 Female : Pinedale Rabbit, A-249 ; colour red ; born 1917 ; pedigree 

unknown. 

Ill 1 Female : Pinedale Doris, 27926 ; colour roan ; bom June, 1936. 

2 (Parrot-beak) ; sex, colour, and date of birth not recorded. 

3 (Parrot-beak) ; sex, colour, and date of birth not recorded. 

4 (Parrot-beak) ; sex, colour, and date of birth not recorded. 

6 Female : Pinedale Rosebloom 2nd, 27957 ; colour red, little white ; born 
Aug., 1934. 

8 Female : Pinedale Bobs, A-1410 ; colour red, born Aug., 1931. 

IV 1 Female (parrot-beak) ; colour roan ; bom Nov., 1938. The head and 

lower jaw, with molars impacted and jaw>bone fractured, were 
photographed. 

2 (Parrot-beak) ; sex, colour, and date of birth not recorded. 

3 (Parrot-beak) ; sex, colour, and date of birth not recorded. 

Figure 5a 

1 1 Male : Pinedale Daisy Boy, 6659 ; colour roan ; born July, 1930 ; bred 

by Mr. G. D. Hall ; by Matangi Quality 4th’8 Lad, 4246, bred by 
John M. Ranstead. 

2 Female : Bon Accord Doris, A-2638 ; colour roan ; born 1931 ; bred by 

Miss Wotherspoon ; by Muriwai Pride, 4636. 

3 Female : Bon Accord Brownie, A’2636 ; colour red ; born 1931 ; bred 

by Miss Wotherspoon ; by Muriwai Pride, 4636. 

4 Female : No particulars recorded. 

6 Female : No particulars recorded. 

6 Female : No particulars recorded. 

II 1 Male : Bon Accord Captain, 8147 ; colour red ; born Sept., 1933. 

2 Female : Bon Accord Peggy, A-3314 ; colour roan ; bom June, 1933. 

3 Female : Nam© and colour not recorded ; bom 1 933. 

4 Female : Name and colour not recorded ; born 1933. 

6 Female : Name and colour not recorded ; born 1933. 

Til 1 Female (parrot-beak) ; colour not recorded ; bom 1936. 

2 ? Normal calf ; sex and colour not recorded ; bom 1936. 

3 ? Normal calf ; sex and colour not recorded ; born 1936. 

4 ? Normal calf ; sex and colour not recorded ; born 1936. 


Figure 6b 

I 1 Male : Pinedale Daisy Boy, 6659 ; colour roan ; bom July, 1930 ; bred 
by Mr. O. D. by Matangi Quality 4th’s Lad, 4246, bred by 

John M; Ranstead. 

2 Femcde : Bon Accord Brownie, A-2636 ; colour red, bom 1931 ; bred by 

Miss Wotherspoon ; by Muriwai PHde, 4636. 

3 Female: Bon Accord Pet, A-2639 ; colour roan; bom 1929 ; bred by 

Miss Wotherspoon ; by Muriwai Pride, 4636. 
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APPENDIX — cmtiniLed 
Figure 6b — continued 

Female : No particulars recorded. 

Female : No particulars recorded., 

Female : No particulars recorded. 

Female : No particulars recorded. 

Female : Bon Accord Pet^ A-2639 ; colour roan ; bom 1929 ; bred by 
Miss Wotherspoon ; by Muriwai Pride, 4636. 

Female : Bon Accord Rosemary, A‘1843 ; colour roan ; born 1930 ; bred 
by Miss Wotherspoon ; by Muriwai Pride, 4635. 

Female : Bon Accord Rosie, A-1257 ; colour red ; bom 1928 ; bred by 
Miss Wotherspoon ; by Hillgrove Duke 24th, 4281. 

Female : No particulars recorded. 

Female : No particulars recorded. 

Female : No particulars recorded. 

Male : Maiangi Superfine 54th, 7941 ; colour red ; bom Aug., 1934 ; 
bred by John M. Ranstead ; by Matangi Quality 4th "s Boy, 4245. 

Female : Bon Accord Peggy, A-S314 ; colour roan ; born June, 1933. 

Female : Bon Accord Oem, 29130 ; colour roan ; born Sept., 1933. 

Female : Name and colour not recorded ; bom 1933. 

Female : Name and colour not recorded ; bom 1933. 

Female : Name and colour not recorded ; bom 1933. 

Female : Name and colour not recorded ; bom 1933. 

Female : Bon Accord Mermaid, 29132 ; colour dark red ; bom July, 1934. 

Female : Bon Accord Rosamond 2nd, 29133 ; colour roan ; bom Aug.,. 
1934. 

Female : Bon Accord Rosebud, 29134 ; colour roan ; born June, 1934. 

Female : Bon Accord Pansy ; not entered in herd book ; colour not 
recorded ; bom 1934. 

Female : Name and colour not recorded ; bom 1934. 

Female : Name and colour not recorded ; bom 1934. 

Male : Bon Accord Super, 10280 ; colour red ; bom 1936. 

Male : Bon Accord General, 10277 ; colour red and white ; bom Oct., 1936. 

? Normal calf ; sex and colour not recorded ; bom 1936. 

? Normal calf ; sex and colour not recorded ; born 1936. 

? Normal calf ; sex and colour not recorded ; bora 1936. 

? Normal calf ; sex and colour not recorded ; born 1936. 

(Parrot-beak) ; sex and colour not recorded ; bom 1936. 

(Parrot-beak) ; sex and colour not recorded ; born 1936. 

Female ; Bon Accord Rosebud 2nd, 31519 ; colour red ; bom Sept., 1936. 

(Parrot-beak) ; sex and colour not recorded ; bom 1936. 

? Normal calf ; sex and colour not recorded ; born 1936. 

? Normal calf ; sex and colour not recorded ; born 1936. 

Figure 6 

Female : Matangi Lilly, 2033 ; colour roan ; born Aug., 1910 ; bred by 
Ranstead Bros. ; by Coates’ Herd Book bull bred by BAr. A. R. 
Winstone, Mount RoskilU Auckland. 

Male: Hippo, 2944 K.Z.8.; colour roan; born Sept., 1913; bred by 
Hon. John Fisher, Pukerimu, Waikato ; by Commissioner, 2399 
N.Z.S., bred by Mr. A. Chamberlain, Ellesmere, Canterbury, by 
Ambush (imp.), 87808 Coates’ Herd Book. 

Femcde : Matangi Quartu-s, 2615; colour roan; born 1907; breeder 
unknown, foundation cow. 

Female: S.N. 139; colour red; born 1911 ; bred by Ranstead Bros.; 
by a son of Rachel’s Lad, 2346 N.Z.S., bred by Canterbury Agricultural 
College. 

Male : Dominion Esau of Ruakura, 559 ; colour red ; born 20th Feb., 
1916 ; bred by Ruakura Government Farm ; by Dominion Abram 
2nd of Ruakura (imp. from Darbalara). 

Female : Maniaroa Princess, 6939 ; colour roan ; born 1912 ; bred by 
Mr. A. C. Hoye, Tauwhare, Waikato; by Red Light, 2176 N.Z.S., 
bred by Ruakura Government Farm, by Red l^rd 17th (imp.), 
79713 Coates’ Herd Book, bred by Mr. J. T. Hobbs, Maiseyhampton, 
England ; Red Light out of Delight (imp.), 3335 N.Z.S., bred by 
Mr, G* Oerrard, Offertin Farm, Hindlip, Worcester, England. 
Maniaroa Princess; C.O.R. 16,951 lb. milk, 4-4 test, 700-76 lb. fat, 
first Shorthorn to exceed 700 lb. fat in New Zealand. 
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FianRS 6 — continued ' 

No, 

7 Female : Malangi Rachaeli 2035 ; colour red ; born 1909 ; bred by 
Newoombe Bros., Karapiro, Cambridge, Waikato ; non-pedigree, 
foundation cow. 

1 Female : Malangi Lilly 3rdt, 12536 ; colour white ; bom 9th Sept., 1916 ; 

bred by Ranstead Bros. 

2 Female : Matangi Qmlityy 2033 ; colour roan ; bom Aug., 1916 ; bred 

by Ranstead Bros. 

3 Female : Matangi Jewel, 2020 ; colour red ; bora Aug., 1916 ; bred by 

Ranstead Bros.; C.O.R. as four-year-old, 12,524 lb. milk, 4*0 test, 
509 lb. fat. 

4 Male : Matangi Prince, 2925 ; colom* roan ; bom Feb., 1921 ; bred by 

Ranstead Bros. 

5 Female : Matangi Elizabeth, 2009 ; colour roan ; bom Aug., 1913 ; bred 

by Ranstead Bros. ; by Ruakura S.N. 112, bred by Ruakura Govern- 
ment Farm, by Red Light, 2176 N.Z.S. 

6 Female : Matangi Ruth 2nd, 10642 ; colour red ; born Oct., 1918 ; bred 

by Ranstead Bros. ; C.O.R. 14,032 lb. milk, 5*3 test, 747 lb. fat, 
New Zealand record for senior three-year-old. 

1 Female: Matangi Qtuility 4th, 10640; colour roan; born Aug., 1919; 

bred by Ranstead Bros. ; C.O.R. 22,010 lb. milk, 4-4 test, 978 lb. fat. 
World’s record for senior four-year-old, New Zealand record for the 
breed, all ages. 

2 Male. : MaUingi JeweVs Prince, 3570 ; colour red ;' born Sept., 1923 ; 

bred by J. M. Ranstead. 

3 Female. : Matangi Princess Elizabeth, 1S009 ; colour roan ; born Sept., 

1923 ; bred by John M. Ranstead. 

1 Male : Matangi Qualit/y 4th' s Boy, 4245 (twin) ; colour red ; born June, 

1926 ; bred by John M. Ranstead. 

2 Male: Matangi Quality 4th' a Lad, 4246 (twin): colour roan; born 

June, 1925; bred by John M. Ranstead; sold to Mr. G. D. Hall, 
Kiokio, Waikato. 

3 Female : Waitangi Blossotn, 17646 ; colour roan ; born Aug., 1926 ; 

bred by Mr. A. J. McGovern, Kiokio ; line bred to Alexander of 
Darbalara (imp.), 161 ; sold to Mr. G. JI. Hall. 

1 Male (parrot-beak) ; colour roan ; born Sept., 1928 ; bred by ,John M. 

Ranstead. 

2 Male : Matangi Superfine 20th, 6064 ; colour roan ; born Sept., 1929 ; 

bred by John M. Ranstead ; sold to Mr. F. Hull, Waiuku, Auckland. 

3 Female : MaUingi Princess Elizabeth 3rd ; colour red ; born Oct., 1928 ; 

bred by John M. Ranstead. 

4 Male : Pinedale Boss, 5584 ; colour white ; born Dec., 1928 ; bred by 

Mr. G. D. Hall, Kiokio. 

6 Female : Matangi Ruth 12th, 20198 ; colour red ; born Nov., 1927 ; bred 
by T. L. Ranstead. 

6 Male : Matangi Bullion, 7022 ; colour red ; born Nov., 1930 ; bred by 

T, L. Ranstead. 

7 Male : Matangi Ruth 2nd's Boy, 6044 ; colour red ; bora Oct., 1928 ; 

bred by T. L. Ranstead. 

8 . Male : Malangi Ace, 60Ql8 ; colour red ; bora Oct., 1929 ; bred by 

T. L. Ranstead ; sold to Mr. T. Wardlaw, Waimana, Bay of Plenty. 

9 Female : Matangi Ruth 17th, 26737 ; colour red ; born July, 1932 ; bred 

by T. L, Ranstead. 

1 Female : Matangi Princess Elizabeth 6th, 24733 ; colour roan ; born 

Sept., 1931 ; bred by John M. Ranstead. 

2 Female (paiTOt-bMk) ; colour red, bom Nov., 1930 ; bred by T. L. Ranstead. 

3 Male : Matangi Tom, 7942 ; colour red ; born Aug., 1934 ; bred by 

T. L. Ranstead. 

4 Male : (Not entered in herd booh) ; colour red ; born July, 1936 ; bred 

by T. L. Ranstead. 

1 Female (psiTOt-beaK}~> colour-red; bom Aug., 1936; bred by John M. 
Ranstead. 
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EFFECT OF CERESAN ON THE GERMINATION OF 
STORED LINEN-FLAX SEED 

By M. A. Black, Agronomy Division, Plant Research Bureau, Lincoln 
\Received for Publication, 20th A ugvM, J946] 

Summary 

Ceresan treatment, wet or dry, has not reduced the germination of linen- 
flax seed stored at moderate temperature and low relative humidity for 
three and a half years. 

In view of the widely held belief that seed treated with organic mercurials 
cannot be stored for more than a few months without serious reduction 
in germinating ability, it is thought that the following note may be of general 
interest. 

Seed has been stored in a steel filing cabinet in an occupied office at the 
Agronomy Division, Lincoln, for a number of years, and a sample of linen- 
flax seed has germinated 100 per cent, in three days after six and a half 
years in this cabinet. The temperature and relative humidity arc not 
accurately known, but it is thought that the temperature would rarely, 
if ever, fall below 55^^ f. or rise above 75° F., and the average relative 
humidity is probably in the neighbourhood of 50 per cent. At 60° f. and 
60 per cent, relative humidity the equilibrium moisture content (M.C.) of 
flax-seed is about 8*6 per cent. Larmour et aL(l) state that in America 
10*5 per cent. M.C. is considered the maximum for safe storage of flax-seed. 

The moisture contents given below are approximate, as no vacuum 
oven was available, and the figures are actually loss of weight on drying 
in an ordinary oven for twenty-four hours at 105° c. 

The germination tests were made on wet blotting-paper in covered 
petri dishes at 70° F. to 72° F. on single samples of 100 seeds. 

Line A was Concurrent seed from the 1940-41 harvest with a germination 
in June, 1941, of 96 per cent, in two days and 97 per cent, in seven days. 
In January, 1943, part of this line was heavily dusted with Ceresan New, 
the surplus dust being lightly screened ofT, leaving a dressing of 4*2 oz. per 
bushel, measured by the difference in weight before and after dusting. 

The moisture content of the control, and the germination of control 
and dusted seed before and after three and a half years’ storage under the 
conditions described above, is given in Table I. 

Table T 



January, 1043. 

Auffust, 1040. 



Oerminaiion 

! 

Germination 


M.C. 

(per Cent.). 

(per Cent.). 

M.C. 1 
(per Cent.). 

(per Cent.). 


1 

1 

Seven Days. 

Three Days. 

Seven Days. 

i 


A. Control . . 

8« 

I 

i 95 

96 

8*1 

1 92 

93 

Ceresan dusted 


95 

96 


1 93 

95 


Line B was Concurrent seed from the 1942-43 harvest, and part was 
sprayed with water-soluble Ceresan U. 564 by the ‘‘ short wet ” method 
and stored as above. 
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The moisture content and germination figures are given in Table II. 

TtiBLE II 


j 

July, 1943. 

August, 1946. 

M.C. 

(per Cent.). 

i 

Germinetion 
(per Cent.). 

M.C. 

(per Cent.). 

i 

Germination 
(per Cent.). 

1 

1 

jseven Daye. 

1 

1 Three Days. 

Seven Days. 

B, Control .. 

Oeresan sprayed 

^ 0-6 

1 

99 

96 

99 

99 


99 

100 

99 


Reference 

<1) Larmour, B. K. ; Sallans, H. K.; and Craiq, B. M. (1944): Respiration of 
Whole and Dehulled Sunflower-seed and of Flax-seed.** Can. J. Res., 22, 9-18. 


A NOTE ON PROGENY TESTING 
PROPORTION OP RAMS WHICH CAN BE PROGENY TESTED IN 
NEW ZEALAND ROMNEY MARSH STUD FLOCKS 
By H. Goot, Fleece Testing and Flock Recording Department, Massey 
Agricultural College, University of New Zealand, Palmerston North 
[Received for publication, 24th May, 1946] 

Summary 

A theoretical table is given showing the number of ewes required to leave 
from 7 to 30 progeny per sire, for progeny testing various proportions of the 
yearly crop of rams. ^ 

In view of the importance of progeny testing it might be well to consider 
briefly the question of how many rams can be progeny tested under 
•commercial stud conditions obtaining in New Zealand (Manawatu District). 

A hypothetical stud containing 1,(X)(> breeding-ewes will be considered. 
Apart from limiting factors of general management such as the number of 
paddocks available, labour, &c., the number of rams which can be progeny 
tested would, broadly speaJdng, depend on — 

(a) Lambing percentage atid sex ratio : 

(b) Mortality and culUng of .progeny (mostly on fancy points ” and 

malformations) before first shearing : 

(o) The number of progeny needed for a sire’s appraisal : 

Id) The subdivision of the stud-fiock. 
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As it is hoped to show elsewhere (Goot, 1946c) that the figures taken 
into account while preparing Table I are based on the following approximate 
averages available from stud A (Goot, 1946a) for lambing percentages^ 
culling, and mortality : — 

(а) Lambing percentage of 100-110 per cent, at docking and approxi- 

mately 90 per cent, at the age of twelve to fourteen months (an 
approximately equal sex ratio) 

(б) Culling, mortality (including missing sheep), &c., 20 per cent, for 

^ ^ and 13 per cent, for 2 2 

For example, the expected number of rams docked . . 500 
20 per cent, deduction due to culling, mortality, &c. . . 100 

Total rams available . . . . . . 400 


Table I. — Number op Ewes required to leave various Numbers op Progeny 

WHEN DiPFERENT PROPORTIONS OF YEARLY CrOP OF RaMS ARE TO BE PROGENY 

TESTED. A Hypothetical 8tud containing 1,000 Breeding-ewes 


Number of Ewes 
required to leave. 



Rams to be progeny tested.* 



Average 










Number 

Percentage of rams 

20 

15 

10 

8 

8 

4 

2 

1 

t)f Ewes 
per Ram. 

Number of rams 

80 

rto 

40 

32 

25 

16 

8 

4 

7 progeny* 

624 

468 

312 

250 

196 

126 

62 

31 

7-8 

10 progeny 

888 

666 

444 

355 

278 

178 

89 

44 

111 

12 progeny 

1,064 

798 

532 

426 

333 

213 

106 

53 

13-3 

16 progeny 

1,320 

990 

660 

528 

413 

264 

132 

66 

[ 16-5 

18 progeny 

1,600 

1,200 

800 

640 

500 

320 

160 

80 

1 200 

20 progeny 

1,776 

1,332 

888 

710 

565 

356 

178 

89 

22*2 

26 progeny 

2,224 

1,668 

1,112 

890 

695 

445 

222 

111 

27-8 

30 progeny 

2.664 

1,998 

1,332 

1,066 

833 

633 

266 

133 

33-3 


* Calculated on aheep which are expected to reach hogftet age. 


Similarly, the numbers of dams required to leave different numbers of 
offspring were calculated on the basis of 90 per cent, of the progeny 
attaining the hogget age — viz., for, say, 10 progeny 11 ewes are needed 
per ram, on the average. In this way all the main factors responsible for 
the proportion of rams which can be progeny tested have in Table I been 
reduced to two — namely, the proportion of rams to be progeny tested and 
the number of progeny required per sire. 

The method of progeny testing requires a high proportion of two-tooth, 
and, if possible, ram hoggets to be tested and culled. McMahon (1940), 
for instance, calculated the following figures for the quickest and greatest 
improvement of progeny in regard to the fleece weight : culling 80 per 
cent, rams and 50 per cent, ewes ; progeny test 20 per cent, rams, keep 
3 per cent.” 

With regard to the nuniber of progeny per sire, various workers (Vasin, 
1934 ; McMahon, 1940 ; Ensminger et aL, 1943 ; and others) have 
postulated figures of progeny ranging from seven to well over one hundred. 
Workers of this Department regard fifteen to twenty offspring as desirable,, 
especially as nearly half of the progeny will be of the opposite sex and the 
ram hoggets are usually “ done ” better than the ewe hoggets. 
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Confining the analysis of figures given in Table I to a simple arithmetical 
aspect, it is evident that the proportion of rams which can be progeny 
tested varies inversely with the number of offspring sired. Assuming that 
3 per cent, of progeny-tested rams are to be kept for breeding as stud sires 
(McMahon, 1940) and each of them is mated to fifty ewes on the average 
^Goot, 1946b), it is evident that some six hundred ewes (50 ewes x 12 sires 
= 600 ewes) are needed for stud breeding, leaving some 400 ewes for the 
purpose of progeny testing. Taking an average of fifteen progeny per ram 
it appears that no more than, say, 4-6 per cent, of the yearly crop of 
rams could be progeny tested. 

A subdivision of the stud-flock into a “ top stud ” and “ stud ’’ might 
be advantageous. In this case the rams to be progeny tested would be 
selected from the “ top stud only. By doing this the integrity and con- 
tinuity of a stud’s characteristics could be better preserved. It is, however, 
outside the scope of the present note to discuss more fully the rather 
involved question of practical application of progeny testing of sheep so 
as to fit into the pattern of stud management, policy, and commercial 
requirements of ram-breeding in this country. In the writer’s opinion, 
there is room for fuller inquiry into and a better understanding of even 
this simple aspect of progeny testing. 


Eeferencbs 

Ensminobr, M E. ; Philips, R. W. ; Schott, R. G. ; and Parson, (\ H. (1943) : 
J. Animal Sci., 2^ 157-65. 

Goot, H. (1946a) ; N.Z, J. Sci. db Tech., 27, (Sec. A ), Part I, 80-2. 

(1946b) ; N.Z. J. Sci. Tech., 27 (Sec. A ), Part II, 83-93. 
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McMahon, P. R, (1940) : Proc. IX. Ann. Meet. Sheep-farmers, Massey Agr. Coll., 
Palmerston North, 37-49. 

Vasin, B. N. (1934): Prohl. Zivotn., 2, 68-71. (Abstract in Animal Breeding Abs., 
4, 192.) 
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SECOND SUPPLEMENT TO ‘‘A LIST OF PLANT 
DISEASES RECORDED IN NEW ZEALAND »» 

By R. M. Brien, Mycologist, Plant Diseases Division, Department of 
Scientific and Industrial Research 

[Received for puhlicationf 15th tieptemher^ V,)46] 

In the following list are recorded 54 diseases of fungous, bacterial, virus, 
and physiological origin from 56 host-plants. These include either diseases 
reported for the first time, or additional host records, since publication of 
the original “ List of Plant Diseases Recorded in New Zealand ” (Brien 
(1939) ), and the “ First Supplement ” (Brien (1942) ). No records of diseases 
on artificially infected host-plants have been included. 


Agropyron scabrum (Lab.) Beauv. 
CUtviceps purpurea (Fr.) TuJ. . . 

Ammophila arenaria (L.) Link. 

CUiviceps purpurea (Fr.) Tul. . . 

Antirrhinum majus L. 

Pernnospora antirrhlni Schroet. 

Atropa bell^onna L. 

Ver tic i Ilium dahliae Kk*b. 


. Neill, 1941. 

. Neill, I94J. 

. Now record. 

. Additional host record. 


Beta vulgaris L. 

Sugar-beet mosaic — Beta virus 2 of Smith, 1937 

Brassica oleracea L. 

Cyliudrosporium concentricum Grcsv. 

Black Icaf-speck (physiological) 

Brassica oieracea L. var. botrytis L. 

Cylindrosporium concentricum Grev. 

Whiptail (physiological) 

Bromus inermis Leyss. 

Claviceps purpurea (Fr.) Tul. . . 

Calendula officinalis L. 

Entyloma calendulae (Oud.) de Bary. . . 
Puccinia distincta McAlp. 

Camellia Japonica L. 

Pestalotia guepini Desra. 

Carex dissita Sol. 

Farysia pseudocyperi (de Toni) Zundel. 

Carex riparia Curt. 

Faryaia oUvacea (DC.) Syd. . . 

Carex ternarla Forst. f. 

Faryaia oHvacea (DC.) Syd. . . 

Caipha idpina R. Br. 

Ciniractia tvaiouru G. H. Cunn. 


Matthews, 1945. 

New record. 

New record. 

Cunningham, 1944. 
Mitchell, 1945. 

Neill, 1941. 

Cunningham, 19450. 
Cunningham, 1945a. 

New record. 

Cunningham, 1945b. 

Cunningham, 1945b. 

Cunningham, 1945b. 

Cunningham, 1945o. 
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Citms 8p. (N.Z. grapefruit). 

Phytophthora eitrophihora (Smith & Smith) Leon. Additional host record. 

Cbnuitto afoliata Buoh. 

Aecidium otagense Linds. . . . . . . Cunningham, 1945a. 

Coronopus dUlymus (L.) Sm. 

Peronospora parasitica (Pers.) TuL . . . . Cunningham, 1944. 

Cueurbita pupo L. 

Erysiphe cichoracearum DC. . . . . . . New record. 

Mycosphaerella citrvUina (C.O.Sm.) Grossenb. . . Additional host record. 

Cyphomandia betaeea Sendt. 

Olomerdla cingukUa (Stonemn. ) Spauld. A V. Sohr. Additional host record. 

Oidium sp, . . . . . . . . . . New record. 

Danthonia plloia R. Br. 

UstUago comburem Ludw. . . . . . . Cunningham, 1945c. 

Daphne odora Thunb. 

Daphne-mosaic (not classified) . . . . Chamberlain & Matthews. 1941. 

Deyeuxia quadriseta (Labill.) Benth. 

TiUetia inotena McAlp. . . . . . . Cunningham, 1945o. 

Dlpsaeiis fuUonum L. 

Sderotinia ackrotiorum (Lib.) de Bary . « . . Additional host record. 

Eriobotrya Japonloa Lindl. 

Fahraea macvlata (Lev.) Atk. . . . . Additional host record, 

Eseallonia macrantha Hook. & Am. 

Stereum purpureum Pers. . . . . . . Additional host record. 

Festuca anindinaoea Schreb. 

Urocyatia agropyri (Preuss) Sohroet. . . . . Cunningham, 1945c. 

Fleus earioa L. . 

Fig-mosaic — Ficus virus 1 of Smith, 1937 . . Li & Procter, 1944. 

Gahnia setiloUa (A. Rich.) Hook. f. 

Faryaia cndotricha (Berk.) Syd. . . . . Cunningham, 1945b. 

Gahnia xanthoearpa Honk. f. 

Faryaia endotricha (Berk.) Syd. . . . . Cunningham, 1945b. 

Gerbeia sp. cult. 

Sderotinia aderotiorum (Lib.) de Bary. . . Additional host record.. 

Glyeerla fliiitans (L.) R. fir, 

Clavicepa purpurea (Fr.) Tul. . . • . . . Neill, 1941. 

Hebe salioifolla (Forst. f.) Penn. 

Aecidium diaciforme MoAlp. . . . . , . Cunningham, 1945a. 

Hyoseyamiu niger L. 

ScHeroHnia aderotiorum (Lib.) de Bary. . . Additional host record.. 

Henbane- virus (not clasidded) • • . • Procter, 1944. 

inneiis noyae-xelandlae Hook. f. 

Pg4sciniajuncophila(^e, diMase. .. «. Cunningham, 1945a* 

IjMBtti paiidnale A. Cunn. 

M4hmpaora Uni (Ehrenb.) Lev. • • • * Cunningham, 1945a, 
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Xinum usitatlssimum L. 

Bofrytis cinerea Pers. . . . . . • Additional host record. 

CoUetotrichum Unkola Pethybr. & Laff. . . Cunningham, 1942. 

Phyialis peravUna L. 

Entyloma auotrale Speg. . . . . ' . . C!unningham, 1945c. 

Pisnm latlvum L. 

Uromyces fabae (Pers.) de Bary. . . . . Cunningham, 1945 a. 

Poa pratensis L. 

Clavicepa purpurea (Fr*) Tul. .. .. Neill, 1941. 

Polygonnm peniearia L. 

Spacelotheca hydropiperis (Sohuem.) de Bary. . . Cunningham, 1945c. 

Primula polyantha Hort. 

RamtUaria primulae V. Thuem. . . . . Cunningham, 1944. 

Pninus anneniaea L. 

Verticillium dakUae Kleb. . . . . . . Additional host record. 

Prunus penlea Sieb. & Zucc. 

Xanthonumas pruni (Smith) Dowson. . . . . Reid, 1945. 

Chlorosis (physiological) . • . . . . Atkinson, 1944. 

Pseudowliitera axiUarii (Forst.) Dandy. 

Uredo horopito G. H. Cunn. . . . . . . Cunningham, 1945 a. 

Pynii malus L. 

BchizophyUum commune Fr. . . . . . . Taylor & Atkinson» 1941. 

Green crinkle (physiological) . • . . Atkinson, 1946. 

Rheum rhapontieum L. 

Puccinia rkei-undulati (Diet) Hiratsuka. . . Cunningham, 1945 a. 

Rosa sp. cult. 

Diplocarpon roeae Wolf. . . . . . . New record. 

Rubus idaeus L. 

Phragmidium rubi-idaei (DC.) Karst. . . . . Cunningham, 1945 a. 

Sohoenus eonolnnus Hook. f. 

V Sorosporium adidum (Berk.) Mo Alp. . . . . Cunningham, 1945c. 

fipergula arvensis L. 

Peronoapora obovaia Bonord. . . . . . . Cunningham, 1944. 

Tritieum vulgare Vill. 

CercoaporeUa herpotrichoidea Fron. . . . . Saxby, 1943. 

Clavicepa purpurea (Fr.) Tul, . . . . . . Neill, 1941. 

Unelnia rubia Boott. 

Cintractia aderotiformia (Cke. & Mass.) G. H. Cunn. Cunningham, 19450. 

Veronlea plebela R. Br. 

Aecidium diaciforme McAlp. . . . . . . Cunningham, 1945 a. 

Vttis vtulfeia L. 

Chlorosis (physiological) . . . . . . Askew, 1944. 

VIttadinia australis A. Rich. 

Puccinia viUadiniae MoAlp. . . . . . . Cunningham, 1945 a. 


Vulpla dertonenris (All.) Volk. 

TiUeUa fuaca 'Em, & Everh. .. .. .. Cunningham, 1945c. 
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TOMATO - STREAK 

ITS INCIDENCE IN NEW ZEALAND AND IDENTITY WITH 
SINGLE VIRUS STREAK (LYCOPERSICUM VIRUS 1 OF 
SMITH, 1937- A STRAIN OF TOBACCO-MOSAIC VIRUS) 

By E. E. Chamberlain, Plant Diseases Division, Department of 
Scientific and Industrial Research 

[Heceii'ed for publication^ 26th June, J946] 


Summary 

(1) Tomato-streak, a virus disease causing widespread losses amongst 
tomatoes in New Zealand, is shown to be identical with single virus streak 
{Lycopereicum virus I of Smith, 1937 — a strain of tobacco-mosaic virus) 
occurring in Britain. 

(2) Incidence in individual crops is sometimes as high as 70 per cent. A 
survey of 54 glasshouse crops involving over 200,000 plants in six districts 
showed that the average infection was approximately 2-3 per cent. 

(3) Under experimental conditions, transmission to tomatoes almost 
invariably results in the development of mosaic symptoms only. 

(4) Physical properties of the virus are identical with those of tobacco- 
mosaic virus and, on all species tested, the host-range is similar. 

(6) It may be differentiated from tobacco-mosaic by its symptoms on 
tobacco, on which host it causes local lesions which may or may not be followed 
by systemic necrosis. 

In a previous paper (Chamberlain, 194()a), the author gave an account of 
a streak disease of tomatoes in New Zealand.* Its symptoms were described, 
incidence given, and its identity discussed. In many respects it was similar 
to single virus streak (Lycopersicum virus 1 of Smith, 1937), but symptoms on 
tobacco and failure of the disease to produce streak symptoms on trans- 
ference to tomatoes suggested that it was not identical with the British 
virus. Recent work has shown that a single virus streak identical with 
Lycojmrsicuni virus 1 occurs in this country, a finding which has already 
been referred to in this Department’s annual report for 1944-45 (Anonymous, 
1945). 

Incidence ^ 

Tomato-streak has been particularly serious in field crops in the Hutt 
Valley during the years 1940-44 and some crops are reported to have 
developed practically 100 per cent, infection and become a total loss. The 
following reports of individual crops showing a high percentage infection 

* Editor’s Footnoti:.— -Work on tomato-streak was in abeyance from 1940 to 
1944 owijQg to the author’s absence with the Armed Forces. 

S-’-Seience, * ' 
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have been received : Auckland, 70 per cent, infection in a glasshoui^e of 
1,5^X) plants in 1941, 50 per cent, infection in a glasshouse of 1,000 plants 
in 3945 ; and Hutt Valley, 25 per cent, infection in a held crop of 7,5(X) plants 
in 1945. During the 1944- 45 and 1945- 46 seasons, tomato specimens infected 
with tomato-streak were received from North Auckland, Auckland, Waikato, 
Wanganui, Wairarapa, Wellington, Nelson, Marlborough, North Canterbury, 
and Mid -Canterbury. In the f>a8t season surveys, involving a comparatively 
small number of cro])s, were made in the Auckland, Hamilton, Hutt Valley, 
Nelson, Blenheim, and Christchurch areas. Many cro{>s appeared to be 
quite free from the disease and some showed only a small percentage 
infection, but in others incidence was sufficiently high to be of economic 
imj)ortance. Table 1 shows the number of crops with slight and severe 
infection, and Table II gives details of crops in which infection exceeded 
4 per cent. 


Table 1. — Inciuence of Tomato-streak in Glasshouse and Field 


District 

Dale of Inspection 

Numlier 

of 

(.Tops.* 

Number 
ol Cro|w 
infected. 

Numi)pr 
of (Toi)b 
over 4 
Per Cent 
Infection 

Apjiroxl- 
inate 
Number 
of Plants. 

Approxi- 

mate 

Nundier 

infeeted 

Average 

Percent- 

Hge 

Infection. 



Crops 




Auckland 

December, 1945 

9 

4 

3 

3(),9(Ki 

1,290 

4*2 

Hamilton . . 

.January, 1946 

3 

2 

2 

15,(K)0 

260 

1*7 

Hutt Valley . . 

November, 1945 

11 

7 

2 

44,260 

510 

M5 

Nelson 

1 

« 

5 

2 

.36,000 

1,220 

3-4 

Blenheim . . 


6 

5 

3 

27,000 

1,040 j 

3-75 

Christchurch 


17 

6 

2 

51 ,9(K> 

390 

0-75 

Totals 


.54 

29 

14 

205,000 

4,710 

2-3 



Fit 

Id Crops 





Hutt Valley.. | 

February, 1946 j 

■ 6 

3 1 

1 1 

80,(K)0 

5.120 

6-4 

1 

1 


* When niakiliR the survey of glaBshouses, ^11 jilttiits grown by one grower, wljether in one or heveitil 
houses, wore considered to be one crop. 


Table II. — Incidence of Tomato-streak in some Tomato C-rops inspected durino 

THE 1945-46 Season 



Place of Occurrence. 


Approxi- 

Approxi- 

Date of 



Type of (Top 

mate 

mate 

Insiiection. 



Numiier of 

Percentage 


District. 

Loflftllty. 


Plants. 

Infection. 

Deo., 1946.. 

Auckland 

St. Heliers . . 

Glasshouse . . 

3,100 

5 

»» 

»» • • 

Mangere 

»» • • 

5,8(K) 

15 

»» • • 

»» 

OtahUhu 


2,000 

10 

Jan., 1946. . 

Waikato 

Hamilton . . 


4,000 

5 

Nov., 1946 

Wellington 

Hutt Valley 

• • 

2,800 

5 

„ 

M 


»♦ • ■ 

3,700 

5 

Feb., 1940.. 

»» • • j 


Field 

10.000 

50 

Nov., 1946 

Nelson . . 

Neboii City 

Glasshouse . . 

3.000 

10 

>» 




3,700 

20 

»» 

Marlborough . , 

Blenheim . . 


5,000 

4 


>> • • 

h 

»» • • 

3,000 

8 

♦ » 

ff • • 

*♦ • • 

tt • • 

3,500 

10 

ft 

Mid-Canterbury 

Christbhurch 

»♦ * • 

3.000 1 

5 

ft 

»» 

it 

tt 

2,200 

10 
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Crops inspected represent only a small fraction of those grown, but as 
they were selected at random the jierceutage of infection encountered and 
recorded in Table I probably gives a fairly true indication of incidence of 
tomato-streak throughout New Zealand. 

Symptoms on Tomato ano Toba(5(^o 
Tom fit o 

On tomato the disease is characterized by two distinct types of 
symptoms : (1) streak and (2) mosaic. 

(1) Streak . — Naturally Infected Plants from Field or Glasshouse: The 
most characterivStic symptoms are longitudinal streaks on stems and leaf 
})etioles. They are black in colour and often continuous for the greater 
length of the stem. At first, streaks appear as superficial discolorations, 
but on cutting the stem it is found that they penetrate the cortex. In 
advanced stages the tissues collapse and streaks become sunken. 

Dark necrotic spots develop on leaves and often extend until the leaves 
become brown and shrivelled, the latter symyitorn being hastened in many 
cases by severe streaking and necrosis of petioles. A slight mosaic mottling, 
especially of young leaves, is often but not invariably present. Usually 
symptoms do not appear until plants have set fruit on the bottom three or 
four trusses, but they have been observed on young plants shortly after 
setting out in the glasshouse. Plants developing streak 8ym[)toms when small 
remain stunted, while those developing symjitoms at a later stage of growth 
lose much of their foliage and present a very unthrifty appearance. 

The fruit often shows })ronounced and very characteristic sym[}toms. 
On young fruits dark areas make their appearance, and as the fruit grows 
these become sunken and often crack, giving tlie tomatoes a scabby appear- 
ance. Dark areas also develop on more mature fruits and usually take 
the form of narrow bands which are sometimes arranged in arcs or circles. 
They also become sunken as the fruit grows, but do not crack. Such fruits 
have smooth, irregular, raised areas and an uneven surface. 

The above symptoms are identical with those already described and 
illustrated by the author (Chamberlain, 194()a), except that in the previous 
descri})tion slight mosaic mottling of the foliage w^as stated to be invariably 
jiresent. 

Experimentally Infected IMants : In numerous attemjits to transmit 
the disease to tomatoes from naturally infected plants only one plant 
developed streak symptoms. This developed typical streaking of stem 
and leaf petioles and necnitic spotting of leaves without any mosaic 
mottling of foliage. No fruits were formed, so symptoms on these could 
not be observed. 

(2) Mosaic.— Symptoms are the same on naturally and experimentally 
infected plants and are identical with those })roduced by tobacco-mosaic. 
The leaves show a light- and dark-green mosaic mottling, are smaller than 
normal, and sometimes show a puckered or uneven surface. Under certain 
conditions leaves become narrow with pointed lobes which gives them a 
fern-like appearance. The plants themselves are slightly stunted, the 
amount of foliage is reduced, and the yield of fruit lessened. Stems may 
be less sturdy than those of healthy plants, but retain their normal green 
colour. Fruits may be small, but are not otherwise altered in aj) pea ranee. 

Tohacm 

Tomato-streak has not been found occurring naturally on tobacco, and 
the following symptoms apply to plants infected under experimental 
conditions. 
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On plants inoculated by leaf-rubbing, minute dark-brown local lesions 
make their appearance, usually within three days. Lesions increase in 
size, and after seven days are J in. to diameter. They then have 

light-brown pin-point centres surrounded by concentric dark-brown zones 
(Fig. 1). Lesions reach their maximum size of approximately Jin. 
diameter in about three weeks. Seven to ten days after inoculation dark 
streaks often appear on the main veins and mid-ribs of inoculated leaves 
(Fig, 1). Streaks may extend until the whole mid-rib is involved and the 
leaf turns yellow and dies. 

In many cases these are the only symptoms and plants make normal 
growth, ^raetimes, however, the disease becomes systemic. A dark 
streak appears usually on one side of the stem (Fig. 2), older uninociilated 
leaves show dark streaks extending along the mid-ribs into the larger veins, 
while a grey-brown necrosis occurs on veins of }'oung leaves (Fig. 3). 
Growth ceases and the top of the plant curls over towards the streaked 
side of the stem. If plants are small when inoculated, the whole plant 
may collapse (Fig. 4), when death occurs within a few days. Older plants 
remain alive for many weeks, but die long before the controls. 


Transmission of Tomato-streak by Artificial Inoculation 

In December, 1944, diseased tomato-plant specimens were received 
from Wanganui. Specimens were diagnosed as being infected with tomato- 
streak. to verify this, four tobacco plants were inoculated by rubbing 
leaves with extracted juice. Within three days numerous local lesions 
began to appear on leaves of all four, and within twenty days two plants 
had developed secondary necrosis. This strain of tomato-streak was retained 
and used throughout the experimental work recorded herein. Many 
specimens of infected plants from different sources were used to inoculate 
tobacco, and results were the same in all cases- i,e., development of local 
lesions with or without secondary necrosis. Results of the inoculations 
are given in Table IlL 


Tab’.t? III.— Artificial Trarsmis.sion of Tomato-strkak to Tobacco 


Date of 


•Source of Inoculum. 


PlantH 

Plants 

Symidoms produced. 

Inoculation^ 

Host. 

Locality. 

Crop Type. 

Symptonw. 

lated. 

lnfe<*ted. 

5/1/45 . 

Tobacco 

IM).!).* 

GJaashouso 

Streak 

4 

4 

Local lesions plus .streak 
ill 2 plants. 

8/12/44 . . 

Tomato 

Wancanul 



4 

4 

Local lesions plus streak 
in 1 plant. 

12/2/45. .. 


Cheviot 

Field 


4 

4 


19/3/45 .. 


Hutt Valley 

»* 


8 

8 

Local lesions. 

13/4/45 .. 


Whangarel 

Glasahouse 


1 

1 


13/4/46 


,, 

1, 


1 

1 

Local lesions plus streak 
in 2 plants. 

21/4/45 .. 


Auckland 

” 


3 

3 

4/10/45 .. 


Mangere 

t. 

»» 

2 1 

2 

Local lesions. 

'3/1/45 . 


F.D.D. 

j 

»» • • 

Mosaic t . . 

4 

4 

Local lesions plus streak 
in 2 plants. 

2/2/45 .. i 


1* • • 


,, , , 

(t 

0 

Local lesions. 

0/4/46 . . 



a 

»* 

1 

1 


8/6/45 .. 


,, 


12 

12 


7/0/46 .. 

I 

,, , 

i» 

*». 

4 

4 

1, 

.29/9/46 . . • 

M 

1 

.. • . 

»* 

3 

3 


16/10/46., 


>» I. » 



2 

2 

„ 

n/n/m. \ 



“ 1 

•I . * 

0 

0 

” 


• P.n.I).'- Want lMiieaAe» ili viaioti, OwairaJca, Auckland. t Although tomato plants showed mosaic syniptoiii 

only,, original Inocnfnm had come fWmn plants showing streak symptoms. 
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FiK. 1.— Local lesiontt pr«Mluced by t,onmt»-«treak on tobacco leaf. Note uIm. dark streaks on veins 

FUr. iSo^uJed wm. ton.»e»k when Mn»... (/■*-,/., % .U/-. 

Dahlbtrg.) 
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The development of local lesions on tobacco suggested that the virus 
might be identical with the British single virus streak ; consequently, a 
seiries of inoculations was carried out on tomatoes. With one exception, 
when streak symptoms appeared, all tomato ])lants inoculated developed 
mosaic symptoms identical with those produced by tobacco-mosaic. In 
Table IV are given results of these inoculations. 


Taule IV. — Artificiae Transmission of Tomato-.stbeak to Tomato 


Date of 


Source of liiociiliini. 


Plant.s 

inocu- 

lated. 

Plants 

infec- 

ted. 

Symptoms produced. 

luocolation. 

Host. 

Locality. 

Crop Type. 

SymptomH. 

.. 

I’ohacfo 

P.D.l).* 

GlaHahouHc 

Streak . . 

r, 


Mosaic. 

5/1/45 . . 

„ 




4 

4 


20/2/45 

Tomato 

Whannarcl 



4 

4 


13/4/45 .. 
20/0/45 . 


„ 

10 

JO 


w 

P.D.D. 



0 

0 


31/10/45 . 


Otahuhu 


M . 


2 


3/1/45 


P.D.D 


Moaaic 

4 

4 


24/1/45 . 


,, 



4 

4 


7/3/45 . . 


.1 



4 

4 


0/4/45 

13/4/45 

,, 1 




4 

4 



Whanjiarci 



15 

15 


11/5/45 . 

,, 

P.D.D. 



0 

0 


1/6/45 

- 



- • 


0 

5 plants mosaic ; 
plant streak. 

20/0/45 




Streak 

0 

0 

Mosaic. 

12/7/45 . 

,, 



Monaic 

0 

0 


8/8/45 . 

,, 




.'1 

.3 


7/0/45 

j, 




(’> 

0 


20/0/45 .. 

,, 

,, 



3 

3 


15/10/45 


” 



14 

14 



Host-range op Tomato-streak and Comparison of Symptoms with 

THOSE OF ToBACCO-MOSAK’ 

To ascertain if symptoms produced by tomato-streak differed from those 
of tobacco-mosaic, inoculations were made with the two viruses on a 
number of solanaceous species. Results are given in Table V. 

Tarie V, — Host-ranoe of Tomato-stbeak and Comparison with Tobacco- mosaic 



Date of 

Soure.e ol Inoculum. 

Plants 

Plants 


Plant Inoculated, 

Inocula- 



Inocula- 

infec- 

Symptoms. 




tion. 

Vims. 

Host. 

ted. 

ted. 

'f 0 m a 1 0 ( Ljfpoper/tmm 

7/3/45. 

Tomato-streak 

Tomato 

4 

4 

Mosaic 

enculentum) 


Tol)aeco-mosaic . 

Tobacco 

4 

4 


Tobacco(N?>o<fa«ci tafm'itm ; 


Tomato-streak 

Tomato 

3 

3 

Local lesioms. 


,, 

Tohac<*()-moHaic 

Tobacco 

3 

3 

Mosaic. 

DeviPa thorn-apple (7>rt- 


Tomato-streak 

Tomato 

4 

4 

Local lesions. 

tura nfrawnmum) 

,, 

Tobacco-niosah’ 

Tobacco 

4 

4 

Local lesions ]>|U4 stem 







streak in 1 plant. 


0/11/45 

Tomato-streak 

Tomato 

4 

4 

Local lesions. 


Tobacco-mosaic . 

Tobacco 

4 

4 

Local lesions plus stem 







streiik in 2 plants. 

Turkistan tobacco (.V/cot»- 

0/3/45 

Tomato-streak 

Tomato 

4 

4 

Mosaic and necrosh. 

am rui^ica) 

Tobacco-mosaic . . 

Tobacco 

4 

4 


ffifiotiana glmimm 

20/3/45' 

0/4/45. 

12/3/45’ 

Tomato-streak 
1’obacco-mofMiic , . 
1'omato-Mtreak 

Tmnato 

Tobacco 

Tomato 

4 

4 

1 

4 

4 

1 

1 Local lesions, stem 
r streak, vein-clearing^ 

1 and neiTosis. 


Tobacco-mosaic . . 

Tobacco 

1 

1 

Cape gooseberry (PhffKaiin 

Tomato-streak 

Tomato 

4 

4 

Mosaic. 

peruffiam) 

Tobac(30-mosalc , . 

Tobacco 

4 

4 

Local lesions plus necrosis 

Kgg-pUiJlt<<Mnum >aelon* 

27/4/45 

Tomato-streak 

Tomato 

4 

4 

09m} 






in 2 plants. 

•• 

Tobacco-mosaic .. 

Tobacco 

4 

4 

Local lesions plus necrosis 
in 1 plant. 


Tree-tomato 

14/2/46 

Tomato-streak 

Tomato 

3 

0 

betafiea) 

» 


Tobaceo-mosak* . . 

Tobacco 

2 

U 
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These indicate that both viruses have a similar host-range and that 
only on tobacco are symf)tom8 markedly different. On devil’s thorn-apple, 
streaks developed on stems of three out of eight plants inoculated with 
tobadco-mosaic, while none appeared on eight plants inoculated with 
tomato-streak. It is doubtful if this is a significant difference, since Miss 
Jarrett (J930) found that streaks were formed on stems of flevil’s thorn-apple 
plants inoculated with toinato-str(‘ak. 

Physical Properties of Tomato-streak 

To verify the identity of the New Zealand tomato-streak, its physical 
properties were ascertained. 

Dilution End-point 

Three tests were made to determine the gr(‘at(*st dilution at which 
infection could be brought about. Inoculum was obtained from ex])eri- 
mentally infected tomato plants showing mosaic symptoms. Using the 
leaf-rubbing method itioculations were made on “ Warne ” tobacco plants. 

Results, given in Table VI, show that in the different experiments the 
dilution end-point ranged from 1-500, (XK) to 1-2,500,(XX). It is therefore 
of the same order as that of tobacco-mosaic. 

Table VT. — Tomato-streak : Dilution End-point 

(All inoculations carried out on tobacco plants using juice from infected tomato 

plants) 



strength of Inoculum 

Planth 

iiKKMilated 

1 Plants 

1 infected 

1 

1 Local liCMouh 

j 



Expentnent curried oui 0th 

March, 1040 


1- 

1 


4 

4 

; Wry numerous. 

1- 

100 


4 

4 

' »» 

1- 

1,000 


4 

4 

>» 

1- 

10,000 


•1 

4 

Numerous. 

1- 

r)0,ooo 


4 

4 

22 

1- 

100,000 


4 

3 

20 

1- 

THMI.OOO 


4 

3 

7 

ItI 

000, (KK) 


4 

0 

0 



Experiment earned out 20th 

March, 1040 


1- 

1 


4 

4 

Very numerous. 

1- 

10,000 


4 

4 

Numerous. 

1- 

100,000 


4 

1 4 

S 

1- 

5(M),000 


4 

[ 1 

3 

1-1. 

.000,(KH) 


4 

I 0 

0 

1-2, 

,r)(M),(M)0 


4 

1 

0 



Experiment carried out 1st 

June, 1040 


1- 

1 


3 

3 

Very numerous. 

1- 

10,000 


3 

3 

210* 

1- 

100,000 


0 

0 

75 

1- 

5(K),0()0 


6 

r> 

23 

1-1, 

,000,(X)0 


6 

5 

15 

1-2, 

,5(M),000 


6 

5 

S 


Thermal De/dh -point 

Thermal death-point determinations were made by a method described 
by Chamberlain (1937). In two experiments, inoculations were made by 
the leaf-rubbing method on “ Warne ’’ tobacco plants with inoculum from 
experimentally infected tomato plants showing mosaic sym])toms. 
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Results given in Table VII show that the thermal death-point is 90° c., 
being the same as that of tobacco-mosaic virus. 

Table VII. — Tomato-streak : Thermal Death -point 
(Inoculations carried out on tobacco plants using juice from infected tomato plants) 


Temperature, 
in Decrees 
Outi)«rafle 

Plants 

inooulated. 

Plants 

Infected. 

Jiocal l..eHlonH. 

Experiment carried out 2Sth Fehnmry, 194/} 

24 

4 

4 

Very numerous. 

75 

4 

4 


80 

4 

4 


84 

4 

4 

Numerous. 

8(1 

4 

4 


88 

4 

3 

4 

90 

4 

0 

0 

92 

4 


0 

Experiment carried out 4th May, 194o 

18 

4 1 

4 

Very numerous. 

84 

4 

4 


8(1 

4 

4 

Numerous. 

88 

4 

3 

11 

90 

4 

I 

1 

92 

4 

0 

0 


Lomfevii}/ in vitro awi in Dried Leaf 
Experiments were commenced in February, 1945, to ascertain longevdty 
of the virus m vitro and in dried leaf. On 20th February, 1945, leaves taken 
from an experimentally infected tomato plant which showed mosaic 
symptoms were air-dried and stored at room temperatures of 10° (\ to 
30° c. Juice extracted from leaves of the same plant was vStored in a test- 
tube in an incubator at 23° c. From time to time the samples were tested 
for presence of tomato-streak by leaf-rubbing inoculations on “ Warne 
tobacco plants. The last test was made on 18th June, 1946, the virus 
being still viable in both samples, showing that it had survived in extracted 
juice and dried leaf for sixteen months. The results indicate that the virus 
has a longevity similar to that of tobacco-mosaic virus. 

Identity of New Zealand Tomato-streak 
As has been previously indicated, (Chamberlain, 1940a, 194()b), streak 
symptoms in tomatoes may be caused by a combination of tobacco-mosaic 
with any one of a number of other viruses or by a single virus. The disease 
discussed in this paper is of the latter type. 

Miss Jarrett (1930) demonstrated that the single virus streak occurring 
in Britain had physical j)roperties identical with those of tobacco-mosaic. 
She also showed that both viruses possessed the same host-range and 
produced similar symptoms on all hosts except tomatoes. Ainsworth 
11933) also demonstrated that it had the same physical propeities and 
host-range as tobacco-mosaic, .but found that the two viruses could be 
separated by their differing symptoms oh tobacco and egg-plant. Tobacco- 
inosaic produced a mosaic mottling of foliage ih both tobacco and egg-plant, 
while streak produced in tobacco local lesions sometimes followed by 
systemic necrosis and in egg-plant local lesions followed by necrosis and 
mild mosaiO. 
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The tomato-streak virus discussed ])reviously (Chainberlaiii 1940a) 
agreed very closely with that described by Miss Jarrett, the only difference 
being that whereas Miss Jarrett found that on artificial nioculation the 
disease produced streak syniptoms on some tomato plants and mosaic on 
others, the author found that all ])lants developed mosaic.. The virus 
described herein agrees more closely with Ainsw(>rth’s description, as it has 
the same physical j)ropeitie8 and host-range as tobacco-mosaic and ])roduces 
identical symptoms on all hosts tested other than tobacco and occasionally 
tomato. It diff'ers from the single virus streak described by Ainsworth 
only in that it cannot l)e differentiated from tobacco-mosaic by symjjtoms 
on egg-plant. How(‘\er, syniyffoms of tobacco-mosaic on egg-plant are not a 
reliable diagnostic- character, as they a})j)ear to be variable. Thus tobacco- 
mosaic symjitoms on €‘gg-j)lant have been variously re])ort(Hi as follo\As:- 

Johnson (1927) .. .. Necrosis. 

Ainsworth (1933) . . . . Slight mottle and stunting. 

Chamberlain (1937) . . . . Some plants necrosis and others 

slight mottling. 

Chamberlain (jiresent pajier) Local lesions followed by necrosis. 

It would tlicTcfore a[)pear that the British and New Zealand single 
virus streaks are identical. 

Naming the virus presents difficulties. Bedore it was realized that more 
than one virus was involved in ])rodiicing streak diseases of tomatoes, the* 
terms “ stri])c‘/’ “ lilack stripe,” “ winter blight,” and ** severe mosaic ” 
appear to have been used more or less indiscriminately. Miss Jarrett (1930) 
applied the term “ streak ” to the disease caused by the single virus, but 
also refened to it as “ glasshouse streak.” The name “ glasshouse* streak ” 
was adoptc'd by Ainsworth (1933), but later Ainsworth et nL (1934) referred 
to it as “single virus streak ” and named the virus “tomato-streak \irus 
No. 1.” Berkeley (1936) suggc^stc'd that “ tonuito-stieak virus No. 1 ” was 
a strain of tobacco virus 1, but Smith (1937) considered that it w^as a distinct 
virus and classified it as “ Lyco/jcrslcnnt virus 1 .” Since then h(‘ (Smith. 1945) 
has referred to it as a strain of tobacco-mosaic virus. 

Although the jihysical jiroperties, host-range, and symptoms suggest 
that the ^irus is probably a strain of tobacco-mosaic, it is still necc*ssary 
to differentiate it from the type virus. Consequently, it is projiosed to use 
th(*. name “ Lijcopersicnin virus 1 of Smith (1937) — a strain of tobacco-mosaic 
virus.” 
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A LIST OF PLANT VIRUS DISEASES IN 
NEW ZEALAND 

By E, E. Chamberlain, Plant Diseases Division, Plant Research Bureau, 
Department of Scientific and Industrial Research 
[Received for publication, 9th October, J946] 

Introduction 

Owing to the lack of published information and to the wide host range of 
some of the plant virus diseases occurring in New Zealand, difficulty is 
experienced in recognizing and naming them. This list has been prepared 
with a view to assisting in their recognition. It comprises records of 
thirty-one plant virus diseases which have been found in the Dominion, 
together with sixty-six host plants found to be susceptible under field 
conditions. 

Diseases have been listed under their common names, following as 
closely as possible those used in The Review of Applied Mycology (24, 513 -56 
(1945) ). Where possible, viruses have been named according to the 
classification adopted by K. M. Smith in ‘'A Text-book of Plant Viruses ” 
(1937). A number have not been fully investigated, but are obviously 
the same as those described in Dr. Smith’s book, and have been classified 
accordingly. Where their identity is doubtful, viruses have been listed as 
Not classified.” 

The list is necessarily incomplete, since there are several diseases at 
present under investigation which may eventually ])rove to be of a virus 
nature. 

The host list may be us(id as a reference to diseases with which are given 
the virus name, host range, and bibliography of the more important pajiers 
published in New Zealand. 


Plant V’irus Dis basks present in New Zealand 




Beaii-rnosaic 

Beet-mo»aio (syn. 

sugar-beet mosaic) 
Cucumber - mosaic 
(syn. tomato narrow- 
leaf) 


Cucum ber-mosaic 
(syn. lily-mosaic) 
Daphne-mosaic 

Dock-mosaic 


Fig-mosaic 
Henbane-mosaic 
Iris-mosaic 
I.<ettuce-mosaic 
Narcissus- mosaic 
Onion yellow-dwarf. . 

Passion-fruit 

woodiness 

Pea-mosaic (syn. 

soreshin of blue 
•i fupins) 


Virn« { HohIh.* j 


Phaj^eoluN virus 1 . . 
virus I 

CncmniM virus 1 . . 


JJly-mosaic strain 
<)1 Cueumis virus 1 
Not classified 

Not classified 

Ficus virus 1 
Not classified 
/m virus 1 
Not classified 
Not classified 
Allium virus 1 

PaSsiflora virus 1 . . 

Pisvm virus 2 


Dwarf bean, runner 
bean 

Sugar-beet, mangel 

Cucumber, marrow, 
pumpkin, rock- 
melon, tomato, 
polyanthus, 
viola, pansy 

Lily 

Daphne 

Dock, fiddle dock, 
curled dock 
Fig 

Henbane 

Bulbous irises 

Lettuce 

Narcissus 

Onion . . 

Passion- fruit 

Garden pea, field 
pea, sweet pea, 
broad bean, blue 
lupin, red clover, 
subterranean 
clover, white 
lupin, yellow 
lupin, Lupinus 
mtUabUis 


Keference. 


Chamberlain, I1)31 )a. 

(\iniiinghani, 1941 ; 

Matthews, 1945. 
(’Chamberlain, 1934u, 
19.39 b. 


Brien, 1939. 

Chamberlain and 
Matthews, 1941. 
New record. 

Li and Procter, 1944. 
Procter, 1944. 

New record. 

New record. 

New record. 
Chamberlain and 
Baylis, 1939. 
Cunningham, 1939. 

Niell et al., 1934; 
Chamberlain, 
1935, 1936, 1937, 
1939c, 1940. 
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Plant Virus Diseases present in New Zealand — continued 
DiHeaHR. I I Hosts.* I Uelereiicc. 


Pea*8treak 

Potato auciiba-mosaic 
Potato-crinkle 

Potato leaf-roll 


Potato viriw X (syn. 
potato-mosaic) 


Potato masked virus 

Potato virus Y (syn. 
potato stipple- 
streak) 


Rhubarb-mosaic 
Strawberry yellow’- 
edge 

'Pobacco-mosaic (syn. 
tomato- mosaic) 


Tobac(;o-mosaic (syn. 
t o m a t o - 8 1 r c a k , 
tomato - stripe , 
tomato black- 
stripc) 

'Pobacco vein -banding 
necrosis 

Tomato-necrosis 

Tomato spot ted -wilt 


Tomato-streak mixed 
virus (syn. tomato 
severe mosaic, 
tomato severe- 
streak) 

Tree-tomato mosaic 
Tulip- breaking 
Turnip-mosaic 


Violet-mosaic 


Piftum virus 3 
Solanum virus 9 . . 
Not classified 

iSohtnum virus 14 


Solantim virus 1 . . 


I Probably a strain 
I of Solan nm virus 1 
I Solnnum virus 2 . . 


I Not classified 
j Fraqnrut virus 1 . . 

! i^icotKinu virus 1 . . 

I 


I Tom ato- strea k 
strain of Niroti- 
(ina \ inis 1 


I Not classified 
i Not classified 

j 

! Li/copersicnm \ irus 

1 '3 


N icotiana virus 
] plus tomato - 
necrosis virus 


Not classified 
Tulipa virus 1 
BraM^ica virus 1 . . 


Not classified 


Garden pea 
Potato . . 
Potato . . 

Potato . . 


Potato . . 


Potato . . 
Potato . . 


Rhubarb 

Strawberry 


Tobacco, Turkestan 
tobacco, tomato, 
(’ape gooseberry, 
black nightshade, 
chilli 
'J’oinato 


Tobacco 

3’omato 

Tomato, tobacco, 
lettuce, Iceland 
poppy, anemone, 
aster, calendula, 
dahlia, nastur- 
tium, 7. i n n i a , 
black nightshade, 
chry.santhemum, 
garden peaf, hen- 
banef, callat, 
Howering lupint, 
devil’s thorn - 
applet, Batura 
1 metellf 
1 Tomato 


Tree tomato 
Tulip . . 

Turnip, swede, rape, 
white mustard, 
stock, wallflower 
Violet . . 


Chamberlain, 1939. 
(!unningham, 1929. 
H a d f i e 1 d and 
(^aridge, 1929. 
Cottier, 1931 : Cun- 
ningham, 1929 ; 
H a d f i e 1 d and 
Claridge, 1929; 
Hadfield el al.^ 
1931. 

(’unningham, 1929 ; 
Hadfield and 
Claridge, 1929 ; 
Hadfield et al., 
1931. 

(’hamberlain, I94(k’. 

( ’unningham, 1 929 : 
Hadfield and 
(’laridge, 1929; 
Hadfield et at., 
1931. 

New record, 
(’hamberlain, 1934a: 
Woodhead and 
Chamberlain, 1940. 
( ’ham l>€*rlain , 1 934, 

1937a, 1937n; 

(’hamberlain and 
(’lark. 1937; 
Thomson, HHo. 
(’hamberlain, 1940a, 
19tfi; Taylor, W. 
H. 1922, 1923. 


I (’hamberlain, 1940 b. 

(’hamberlain, 1940 k, 
1940n. 

(’hamberlain and 
Taylor, I93(i, 
1938; Taylor and 
(’hamberlain,! 937. 


■ (’hamberlain, 1934, 
: 1940e, 1940i>. 


New record. 

Brien, 1939. 

( ’hamberlain, I 936 a , 
19391). 

New record. 


Only hosts found to be s)i4beptible under field condltioas are listed. 


t New host records. 
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Natitral Hosts of Plant Virus Diskases in New Zealand 
Host. LiROftsfl. 

Anemone coronaria L.)* . . . . Tomato spotted-wilt. 

Aster {CaUistepkus chinensis Nees.) . . . . Tomato spotted-wilt. 

Bean — 

Dwarf {Phaseolus vulgaris L.) . . . . Bean-mosaic. 

Bunner (Phcuieolus nmltifloru^ Willd.) . . Bean-mosaic. 

Brosid {V icia f aba h.) .. .. .. Pea-mosaic. 

Black nightshade {Solanvm nigrum L.) . . Tobacco-mosaic, tomato spotted- 

wilt. 

Calendula {Calendula officinalis L.) . . . . Tomato spotted- wilt. 

Calla {Zantideschia sp. cult.) . . . . Tomato spotted-wilt. 

Cape gosseberry (Phyaalis peruviana L.) . . Tobacco-mosaic. 

Chilli {Capsicum annum L.) . . . . . . Tobacco-mosaic. 

Chrysanthemum {Chrysanthemum sp. cult.) . . Tomato spotted- w'ilt. 

Clover — 

Red {Trifolium pratense L.) . . . . Pea-mosaic. 

Subterranean {Trifolium suhlerranium L.) . . Pea-mosaic. 

Cucumber {Cucumis salivas L.) . . . . Cucumbor-mosaic. 

Dahlia {Dahlia sp. cult.) . . . . . . Tomato spotted -wilt. 

Daphne {Daphne odora Thunb.) , . . . Daphne -mosaic. 

Datura meted L. . . . . . . . . Tomato spotted -wilt. 

Devil’s thorn-apple {Datura stramonium L.) . . Tomato spotted- wilt. 

Dock {Rumex ohtusifolius L.) . . . . Dock-mosaic. 

Fiddle {Rumex pulcher L.) . . . . Dock-mosaic. 

Curled {Rumex crispus L.) . . . . Dock-mosaic. 

Fig {Ficus carita L.) . . . . . . Fig-mosaic. 

Henbane {Hyoscyamus niger L.) . . . . Henbane-mosaic, tomato spotted- 

wilt. 

Iceland poppy {Papaver nudicnule L.). . . . Tomato spotted- wilt. 

Iris, bulbous {Iris Ungitana Boiss.) . . '. . Iris-mosaic. 

Dutch. {Iris xiphiumh.), . .. .. Iris-mosaic. 

Kumi kumi {Cucurbita pepo L.) . . . , Cucumber-mosaic. 

Lily {Lilium hngiflorum Thunb.) . . . . Cucumber-mosaic (lily-mosaic strain). 

{Lihum sp. cult.) . . . . . . Cucumber-mosaic (lily-mosaii* strain). 

Lettuce {Ijwiucxi saliva L.) . . . . . . Tomato spotted-wilt, lettuce-mosaic. 

Lupin — 

Blue {lAipinus angustifolius L.) . , . . Pea-mosaic. 

Flowering {Lupinus polyphyllus Indl.) . . Tomato spotted-wilt. 

White {Lupinus albus L.) . . . . Pea-mosaic. 

Yellow {Lupinus luteus L.) '. . . . Pea-mosaic. 

Lupinus mutabilis L. . . , . . . Pea-mosaic. 

Mangel {Beta vulgaris L.) . . . . . . Beet-mosaic. 

Marrow {Cucurbita pepo L.) . . . . . . Cucumber-mosaic. 

Mustard, w'hite {JSinapis alba L.) . . . . Turnip-mosaic. 

Narcissus {Narcissus sp. cult.) . . . . Narcissus -mosaii!. 

Nasturtium {Tropaeolum majus L.) . . . . Tomato spotted-wilt. 

Onion {Allium ccpa L.) . . . . . . Onion yellow-dwarf. 

Pamy {V iola tricolor h.) .. .. .. Cucumber-mosaic. 

Passion-fruit {Passiflora eduHs Simms.) . . Passion-fruit woodiness. 

Pea — 

Garden {Pisum sativum L.) . . ‘ . . I’ea-mosaic, pea-streak, tomato 

spotted-wilt. 

Field {Pisum sativum L. var. arvense Poir.) Pea mosaic, 

t, Sweet {Ijathrus odoratus L.) . . , . Pea-mosaic. 

Polyanthus {Primula polyantha Hort.) . . Cucumber-mosaic. 

Potato {Solanum tuberosum L.) . . . . Potato aucuba - mosaic, potato 

crinkle, potato leaf-roll, potato 
masked virus, potato virus X, 
potato virus Y. 

Pumpkin {Cucurbita pepo L.) . . . . Cucumber-mosaic. 

Rape {Braasica napus L.) . , . . . . Turnip-mosaic. 

Rhubarb {Rheum rhaponticum L.) ". . . « Rhubarb-mosaic. 

Bock-tUelon {Cucumis melo h, var. cantalupinm Cucumber-mosaic. 

Naud.) 

{McMiola incana R. Br.) . . . . Tumip-mosaio. 

Strawbeirv./Ff^^aWa sp. cult,) . . . . Strawberry yellow-edge. 


t * Eecorded by Chauiberlalo and Taylor, lUSf*, as Anemone hortensis. 
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Natural Hosts ok 1'lant Virus 

Host. 

Sugar-beet {Beta vulgaris L.) 

Swede {Brassica napo-brassica DC.) 
Tobacco [Nicatiana labor, u?u L.) 

Turkestan {Nicotiona rustica, L.) . . 
Tomato {Lycopersicum esculentum Mill.) 


Tree tomato {(^yphomandra belacen Sendt.) 
Tubp {TuUpa sp. cult.) 

Turnip {Brassica rapa L.) 

Viola ( Viola tricolor L.) 

Violet {Viola odorata L.) 

Wallflower {Cheiranthus cheiri L.) 

Zinnia {Zinnia elegnns Jacq.) 


Diseases in New Zealand— 

DiHease. 

. . Beet-mosaic. 

Turnip-mosaic. 

. . Tobacco-mosaic, tomato spotted-wilt, 
tobacco vein-banding necrosis. 

. . Tobacco-mosaic. 

. . Tobacco-mosaic, tomato spotted-wilt, 
cucumbiT-mosaic, tomato-streak 
mixed virus, tomato-necrosis, 
tobacco-mosaic (tomato-streak 
strain). 

Tree-tomato mosaic. 

. . Tulip-breaking. 

. , Turnip-mosaic. 

(Hicumber-mosaic. 

Violet-mosaic. 

Turnip-mosaic. 

Tomato spotted-wilt. 
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NOTES ON CLASSIFICATION OF THE 
POLYPORACE^ 

By G. H. Cunningham, Plant Diseases Division, Department of Scientific 
and Industrial Research, Auckland 

[Rtcewed for publication, 5lh September, 1946] 

Summary 

(1) It is shown that delimitation of genera and species of the Polyporacea* 
may be implemented by use of such microscopic features as hyphal systems, 
hyphal series, hyphal types, hyphal colour, basidial types, and context inclusions. 

(2) Three hyphal systems are present in the family — monomitic, dimitic, 
and trimitic. 

(3) They may be composed of three hyphal series — generative, skeletal, 
and binding. 

(4) “ Bovista ” and “ long ” hyphal types are defined. 

(5) Three basidial types are described — “ merulioid," “ honeycomb," and 
“ clavate.” 

Under the family Polyporacese are placed fungi which possess one f(*ature 
in common. The hymenium is developed upon the inner surface of pores 
which penetrate into the context of the hymenophore, or fruit- body. Pores 
may enter deeply into the context, or be shallow — 1 mm. or less in depth -- 
and, in extreme cases, as in species of Merulim, they appear as little more 
than depressions upon the surface of the hymenophore. The term “ pore ” 
is, however, used somewhat loosely, for in different genera pores may be 
orbicular and tubelike, favoid, labrynthiforrn, or (in Lenzites) narrow 
cavities bounded by gill-like lamellsB. The hymenophore of different species 
may be carried upon a central definite stem like that of an agaric, be 
applanate and attached laterally by a narrow or broad base, ungulate, or 
resupinate upon the substratum. Its surface may be smooth, hairy, provided 
with a thin cuticle, or covered with a thick, hardened, sometimes laccate 
crust. A few species are parasitic upon living trees, but most are saprophytes, 
growing upon dead wood or rich vegetable debris upon the ground. 

Genera of the Boletacese and Hydnaceee are excluded — the former since 
the hymenium lines well-defined separable tubes ; the latter because the 
hymenium is carried upon the exterior of spines or teeth. 

According to the International Rules of Botanical Nomenclature, the 
starting-point of nomenclature in the family is Fries’ Systema Mycologicum, 
VoL 1, 1821. In this work Fries recognized but three genem— Merulius 
(p. 326), Daedalea (p. 331), and Polyporus (p, 341). Under Merulius were 
placed species with shallow pores formed by coalescence of veins or folds 
of the hymenium carried upon a thin resupinate hymenophore. Daedalea 
was characterized by the fact that the, hymenium covered gill-like dissepi- 
ments arranged to form poroid, labrynthiforrn, or lamellate cavities, the 
hymenophore being woody or coriaceous and possessing a definite margin. 
The genus was subdivided into three tribes — Stipitatee, containing species 
with a definite stem ; Dimidiatse, for species which were attached laterally 
by a broad base ; and Resupinatus, for species with a resupinate 
hymenophore. Polyporm contained species with a poroid hymenium and 
fleshy or coriaceous hymenophore. Three subgenera were recognized — 
Favolus with large, 4 to 6 sided pores ; Microporus with orbicular and 
minute pores ; and Polysticta with shallow pores. Microporus was further 
divided into five tribes — Mesopus, with a central stem ; Pleuropus, with 
a lateral stem ; Merisnta contained species with much branched stems ; 

with a sessile dimidiate hymenophore; and Resupinatus, with a 
resupinate hymenophore. 
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In “ Genera Hynienomycetum ” (1836) Fries established several addi- 
tional genera. Lenzites (p. 10) was separated from Daedalea to contain 
species with gill-like dissepiments. He placed it with the agarics, where 
it remained until Hennings (1898) showed that it was a member of the 
Polyporacese. Trmmles was erected to- contain species with orbicular pores 
formerly placed under Daedalefi, Fries separated the genus from Polyporm 
on the ground that tissues of the context penetrated unchanged between 
the pores and were concolorous with the latter, whereas in Polyporus pore 
tissues were held to be of different colour. As these differences were too 
indefinite to enable separation to be made between Trametes and Polyporus, 
Karsten (1889, p. 287) limited Trametes to species in which pores penetrated 
different depths into the context, forming an irregular layer. Fries also 
recognized as valid the genera Favolus Beauv., Hexagonia Poll., and 
Cyclomyces Kze. & Fr., separating them from Polyporus because of the favoid, 
4 to 6 sided pores and concentric lamellae respectively. Laschia Fr. (1830, 
j), 533) was held to differ from Polyporus in its gelatinous hymenophore. 

Fries later (1851) published a more concise delimitation of genera he 
proposed to recognize. Polyporus was subdivided into three subgenera — 
Eupolyporus, for species with an annual coriaceous hymenophore ; Fames, 
for those with a woody hymenophore and pores in strata ; and Poria, for 
resupinat(* species. He sej)arated Poly st ictus from Polyporus to contain 
species with a thin and coriaceous hymenophofe, fibrous cuticle, and 
dilferent arrangement of hyphje in the tramal walls. Polysticfus was 
abandoned in his last major work (1874). 

In “ Hymenornycetes Europaei ” (1874) Fries recognized nine genera in 
all -Lenzites (p. 492), Polyporus (p. 522), Trametes (p, 581), Daedalea (p. 586), 
Cyclomyces (p. 589), Hexagonia (p. 589), Facolus (p. 590), Laschia (p. 591), 
and Meruhus (p. 591). All were erected upon macroscopic features 
previously discussed. 

With certain inodifi(;ations most Avere accepted by earlier mycologists 
who worked over the family. A few, however, recognizing their inadequacy 
and the variable nature of the characters upon which species were based, 
attempted to modify or improve the classification finally adopted by Fries. 

Gillet (1878) subdivided Polyporus into Fames (p. 682), Merismn (p. 688), 
and Physisporus (p. 694). Under the first he placed species with pores in 
strata, the second those with compound stems, and under the third, resupinate 
species placed by Fries under his subgenus Poria. 

Quelet (1886) raised to generic rank eleven of the sections into which 
Fries (1851) had divided Polyporus, according to the presence or absence of 
a stem and type of surface of the hymenophore. Genera recognized were 
Caloporus (p. 164), Leucoporus (p. 165), Pelloporus (p. 166), Cerioporus 
(p. 167), Cladomeris (p. 167), Placodes (p. 170), PhelUnus (p. 172), Inodermis 
(p. 173), Leptoporus (p. 175), Coriolus (p. 175), and Poria (p. 177). 

Karsten, in a series of papers published between 1879 and 1889, subdivided 
Fries’ genera into many. Divisions were made on characters accepted as 
generic by Fries with such others as colour and texture of the context, 
colour of spores, presence or absence of setse, depth and shape of the pores. 
Polyporus (1879) was subdivided into Polypprellus (p. 37), Bjerkandera 
(p. 38), Iscknoderma (p. 38), Hansenia (p. 39), Inonotus (p. 39), Inoderma 
(p. 39), and Antrodia (p. 40). Fames (1881) was split into Ganoderma (p. 17), 
Piptoporus (p. 17), Polypilus (p. 17), Pofttia (p. 17), Tyromyces (p. 17b 
Hapahpilus (p. 18), Pycnoporus (p. 18), and Fomitopsis (p. 18). Karsten 
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later (1882) erected Meripilus (p. 33), Gloeophyllum (p. 79), and Xylopilm 
(p. 69) ; and, in 1883, Phyllodontia (p. 163). Finally (1889) he established 
Onnia (p. 326), Elfvingia (p. 333), and Lenzitina (p. 337). 

Patouillard (1887) used as generic characters features employed by Fries 
with, in addition, differences in surface, structure and form of the hymeno- 
phore, spore colour, form and presence or absence of a stem. He placed 
certain sections of Fries’ genera under MeXanopm (p. 80), SpongipelUs 
(p. 84), Phaeolus (p. 86), Xanfhochrous (p. 95), Funalia (p. 95), and Ungulina 

(p. 102). 

A modification of Patouillard’s later classification (19(X)) was used by 
Carleton Rea (1922). Two families were erected because of supposed 
differences in structure of the hymenium. Genera of the Poly{)orace8e, 
containing Polyporufi, Sistotrenm, Fontes, Ganoderma, and Poria^ were held 
to possess a hymenial layer distinct from the tissues of the context. Those 
of the Polystictacese, containing PolgstictuSy Irpex, Lenzites, Tra)retes, and 
Daedalea^ were said to possess a hymenial layer homogeneous with tissues 
of the context. A third family, Meruliacea), was ere(;ted for Mervlim and 
four other genera. 

The most complex system yet to appear is that of Murrill (1907-1908). 
No less than 78 genera were recognized, of which 39 were erected by himself, 
29 being monotypic. They were placed under four tribes. The Porieso 
contained genera with a resupinate hymenophore, the Polyporea3 those 
with stipitate or dimidiate annual hymeuophores, the Fomiteai genera with 
a perennial stratose hymenoj^hore, and the Daedaleae genera with a furrowed 
hymenium. Colour of context and spores, depth colour and arrangement 
of pores, presence or absence of a stem, consistency of the context and surface 
were used in generic segregation. 

Adeline Ames (1913) made a detailed survey of morphological features 
used as generic characters by previous workers. She concluded that broader 
relationships were best shown by consistency of the hymenophore and 
characters of the context. Using these as a basis, she divided s})ecies into 
groups which were further separated into genera on account of surface modifi- 
cations and form of the hymenophore, configuration of the hymenium and 
spore characters. Sixteen genera were recognized and described. 

Such diversity of treatment by different specialists shows that the 
Friesian system is inadequate and does not provide a suitable grouping for 
species of the family. Especially is this the case when attempts are made to 
classify a large number of plants, particularly 8]>ecie8 from tro})ical and 
subtropical areas. The reason lies in the fact that generic characters were 
based on variable macroscopic features, such as presence or absence and 
type of stem, nature of context and cuticle, and, particularly, configuration 
of the hymenial surface. That these are variable may be shown by a few 
specific examples. 

In different taxonomic papers species with labrynthiform, lamellate, or 
poroid hymenia may be placed under Daedalea or Trametes ; plants with or 
without stem or stratose pores under Forties ; those with poroid or dsedaloid 
pores in one or several strata under Poria, Under Lenzites may be grouped 
plants with either lamellar or dsedaloid type hymenium ; sometimes both 
conditions may occur in the same specimen. Under Polyporus and Poria 
may be found species which more properly belong to MeruUus. Polystictm 
cannot be separated from Polyporus on any constant character of those used 
in the Friesian treatments. ' ’ 

The position is even more confusing in certain widely distributed species, 
where different specimens exhibit characters upon which they could be 
(and’^ often have been) placed under one of several genera. 
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(1) Poly poms hirsutus possesses a hymeiiophore which may he thin 
and coriaceous, with pores in a siiif^le layer, orbicular, and inserted to the 
same depth in the context. Specimens from tropical and subtro])ical areas 
may be thick and woody ; pores are sometimes in strata, and may l)e j)oroid 
or labrynthiform, sometimes exhibiting both conditions in the same plant. 
Pores may also be inserted at different depths in the context. Kesupinate 
specimens are not uncommon. The species could therefore be })laced under 
any one of six genera — Polystictus, Poly poms, Pomes, Dfmlalea, Tramefes, 
and Poria. 

(2) Tra metes cinnabarimi is a red species common through the temperatt* 
and subtrojhc regions of the world. Usually the hymenophore is coriaceous, 
thin, with one pore layer inserted in the context to a constant depth 
(Polystictus). Plants at hand also possess a thick and floccose In imMiophore 
(Poly poms), a resupinate hymenophore (Poria), pores inserted at different 
depths (Trametes), or pores in strata (Pomes). 

(3) Trametes pini was erected upon fornis with a single layer of orbicular 
pores inserted at different depths in the context. Sj)eciraens may also 
exhibit labrynthiform [)ores (Daedalea), ])oroi(l or labrynthiform pf)res in 
strata (Pomes), or a resupinate hymenophore (Poria). 

It is thereforci evidtmt that some better system of delimiting gcuK^ra is 
requinal. As has been shown, several workers have attempted to provide 
this, but with indifferent success since they enqdoyed variable characters 
used by Fries, alone or implemented by others equally, or even more, 
variable. More recently several workers have attempted the use of micro- 
scopic or cultural features to inifikunent those of the Friesian system. 

Overholts (1929), by ajiplying the microscopic technique elaborated by 
E. A. Burt in his classical studies of the Thele[)horacea', showed that specific 
diagnostic aids lay to hand in a study of sterile bodies present in context 
and hymenium, certain hyphal characters, differences in the conte.xt and 
the like. 

Baxter (1933-1945), in a long series of papers, used as differential 
characters cultural features observed when sjiecies were grown upon wood 
blocks in various culture media. His studies were confined mainly to 
resupinate species of the family. 

Corner (1932a, 1932b) covered original ground by making detailed 
studies of microscopic structures. His work has shown that valuabh* aids 
to classification lie in the hyphal series and hyphal systems pn^sent in 
different species. Polystictus xanihopus (1932a) was shown to be conqiosed 
of no less than three series of hyjihaj instead of one as was formerly thought 
to be the case in the polypores. These he named skeletal, hindimj, and 
generative, according to their functions. Skeletal hyphse jirovided a rigid 
framework for the hymenophore. Binding hyphie held the former together 
and fonned the bulk of the tramai walls upon which the hymenium was 
developed. Generative hypha? produced the hymenium and surface tissues 
of the hymenophore. 

In a second paper Corner (1932b) showed that in Pomes levigahis and 
P. senex there were but two hyphal series — skeletal and generative. He 
therefore assumed that three hyphal systems were involved in forming 
fructifications of different species in the family ; these were named mono- 
mitie, dimitic, and trimitic. The first consisted of generative hyphse, the 
second of skeletal and generative, and the third of skeletal, binding, and 
generative. 
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While engaged in a study of New Zealand Polyporacea) and related 
families an attempt was made by the author to implement delimitation of 
genera >nd species by use of those features made known by these brilliant 
studies of Corner. In a preliminary examination of a score or so of species 
some rather significant facts emerged which induced a detailed microscopic 
examination of some two hundred species (of which about one hundred and 
fifty were polypores). Results, which are summarized herein, show that it 
is possible to classify species with some exactness on microscopic features 
alone, and indicate fairly precisely their natural relationships. 

TEcmNiguE 

Necessarily some standard method of examination should be followed 
if others are to secure comparable results. Consequently, the procedure 
followed during the course of these studies is given below. 

Hyphse of the context were teased apart under a dissecting microsco})e 
to ascertain their type, colour, whether septate or aseptate, branched or 
unbranched, presence or absence of clamp connection, and number of nuclei. 
Free-hand sections about 15/i, thick were used in studies of the hymenium 
and related tissues. Sections and teased hyphee were mounted in a solution 
of lactic acid (50 per cent, in water), to which had been added ()•! per cent, 
analine blue. When heated on the slide over a flame for a few seconds 
tissues assume an appearance similar to those taken from fresh plants, and 
mucilage, often present on the hyphsB, is dissolved or rendered transparent 
so that hvphal details are not obscured. The analine stain colours the 
contents of spores and basidia without obscuring details of the wall. Skeletal 
and binding hypha? seldom stain, but are nevertheless readily seen against 
the blue background provided by this mountant. 

To secure a more pn^cise stain and bring out plasmatic and nuclear 
details, sections were treated as above, the surplus stain was then removed 
and a drop or two of aqueous J per cent. Hafranin 0 added and heated for 
a second or two. This was then differentiated for a few seconds with a drop 
or two of lactic acid-analine blue solution. The surplus was removed with 
blotting-paper and a cover-slip applied. The double stain gives sharp 
differentiation of plasmatic contents, and stains nuclei readily. It is fugitive, 
however, and lasts but a few hours. 

It is sometimes not easy to ascertain the specific hyphal system. The 
following notes may assist in difficult cases : if clamp connections are present 
in all hyphee, then the system is monomitic, as is the case if when tissues are 
teased apart under a dissecting microscope, only one hyphal series or type 
is seen. The species possesses a trirnitic system if clamp connections are 
present in those with brown-coloured hyphie of more than one hyphal series. 
Clamp connections are usually present in generative hyphai of species with 
a dimitic system and hyaline hyphae (save Fames) ; and invariably absent 
from those with a dimitic system and brown-coloured hyphse. Sometimes 
mucilage is so plentiful in tissues of the context that, despite treatment with 
lactic acid, hyphae cannot be examined. It is then advisable to remove the 
mucilage with a 5 per cent, solution of potassium hydroxide in water. 
Hyphse may then be stained with a 1 per cent, aqueous solution of Eosin. 

Hypjh^l Systems 

As has been shown by Corner, three well-defined hyphal systems are 
present in the family. His findinj^ have been amply confirmed in these 
present studiep. Corner (1932a) also referred to niediats hyphee which he 
at first thought might represent a fourth system. They are merely part of 
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the skeletal series, however, linking skeletal with generative hyphse, so need 
not be further considered. Reichert and Azizar (1939) listed five systems 
for Ganodernta lucidum. Additional to those described by Corner, they 
added palisade and plectenchytm systems. Both are involved in formation 
of palisade tissue which forms the thick, hardened cortex of this species. 
The condition is confined to relatively few species, so employment of either 
system has not been considered herein, though doubtless one (palisade) may 
be useful in further segregation of species with a crustose surface. 

Monomitic. — Hyph® are of the generative series alone and “ long ” type, eolouretl 
brown or hyaline, thin -walled, septate, branched, and from .S/x to I Op in diameter. 
They serve to form the hymenophore in the absence of skeletal or binding series, damp 
connections may be present or absent. 

IHmitic . — Composed of skeletal and generative series, brown or hyaline, damp 
connections are present (in generative hypha*) or absent. 

Trimiiic . — (Composed of skeletal, binding, and generative series, brown or hyaline. 
All species possess clamp connections in the generative hyphie. 


Hyphal Series and Types 

Hyphae of the systems may be segregated into definite senes and types, 
which in turn may be used to divide species into related groups. 

Generative Series . — Species with a monomitic system possess hyphgp which 
are branched, septate, and thin-walled. They may be long and ribbon-like, 
twisted and collapsed, or, in rare cases, closely interwoven. In diameter 
they range from Sp to lO/x. Basidia develop into a palisade* from branched 
ends of the tramal hypha*. Plants with dimitic and trimitic systems possess 
generative hypha*, which are. with few <*xceptions, also freely branched, 
septate (save m Fames annosus, F. hemrtephrus, and Faria suhacida), hyaline 
(coloured in a few brown species), and stain readily (save* feir a few’ species 
of Fames and Poria). They range m diameter from 1-5/a te) meist being 2p. 

Skeletal Series.- Two general types of hvpha* are present, herein termeel 
“ bo vista ” anel “ long." 

Bovista types may be dissecteel emt reaelily, and are common to spee’ies 
with hyaline flocceise context, such as Pahjponts hetulimis and P. sulphureus. 
Each consists of a mam stem from 3/Lt to 10/a eliarneter, producing several 
lateral branches, which in turn may be branched and tapered tow^ard the 
ends (Fig. 10). They are present in hyaline species with a dimitic system 
and in both hyaline and browm-coloured species with a trimitic system. 
The name has been given to hypha? of this type because of their resemblance 
to capillitium of the genus Bovista. 

Hyphee of the bovista type may lie further subdivided into : (a) hyphae 
with thin walls and a prominent continuous lumen w^hich usually stains as 
to contents (septa have been noted in only Poria dictyopora, P, medulla^ 
panis, and P. subserpens) ; (b) hypha* with thick walls, the lumen being 
almost obliterated save for a narrow, sometimes interruptetl, thread, spaces 
at gussets, and occasional cavities in the main stems ; even in sections their 
nature may be ascertained by the varying diameters of hyphal cross- 
sections (septa have been noted in only Polyporus braunii, P. q ram mace phalus, 
P. rosettus, and Poria vimta). 

The “ long ” type is composed of slender hypha* which may ramify in the 
context for several millimetres, either in a continous parallel band, or loosely 
interwoven, when their nature may be ascertained upon dissection (Figs. 1, 3, 
5). They range in thickness from 3/i, to T/a, and may be equal throughout 
their length or taper towards the ends. Sometimes the hypha? become 
knotted and twisted. 
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Fig. J. — Section through the inerulioicl hynieiiium of Merultuft conum siiowing generative hyplisp 
roinpoHing the liynM‘niiim, and, at tht* base, two skeletal hyphte. 

Fig. 2. — Section through U»e honey(^oinb hyineniuin of Polyporuts Uibncirmn with ('ollapKed basidia 
giving the iioneycomb aiipearanee. 

Fig. 3. — Section through the liyuieniuin of Potypm-UH talmamiH showing basidia beofre collapse 
(two with immature sports). Ventricosu seta and skeletal hyphee have thick black walls. 

Fig. 4. — Surface view of cellapstHi basidia of P. tahannus showing tiie honeycomb appearance. 

Pig. 6. — Section through clavatc hyn enitim of Polvportut betuIinuH showing isodiamctric cells ol 
tlie sub-hymenium. Hypha? shown art* generative, one having a clamp connection. 

Fig. 6.— (^lamp connection of Merulivfi Intrymans. 

Fig. 7.-~ Hooked seta of Ptria ttmimia. 

Fig 8.--Ventricose seta of Polyporus tabannm. 

Fig 9.— Compound seta of Pohfpnrus grmnmocfiphnlm. 
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They may be further differentiated according to whether they are septate 
or aseptate, branched or unbranched, or possess thick or thin walls. Those 
with thick walls possess an almost obliterated lumen. The type is common to 
both hyaline and brown -(;olou red species with dimitic and trimitic systems. 

Binding Series, Present in species with a trimitic system, binding 
hyphae like those of skeletal — consist of the two general types, “ bo vista ” 
and “ long.’’ Hyphae of the ‘‘ bovista ” type are freely branched, aseptate, 
and range in diameter in the main stem from 3/i to 9/x. “ Long ” types may 
be sparingly or freely branched, seldom tapered at the ends, and in diameter 
range from 2/x to 4/x most being about 4p, 


Clamp Connections 

Present in all hyaline-coloured species with a monomitic system (Figs. 5, 
6), clamp connections are absent from those with brown hypha', save 
Merulius hicrynuins. They are also present in most hyaline species with a 
dimitic system, save Fom.es annosus, F. kemitephrus^ and Poria subacida, 
the last lieing a resupinate Fames. Clamps have not been seen in one group 
of hyaline-coloured species with a dimitic system, since the hyphae form a 
convoluted, almost sclerotioid, context which prevents threads being dis- 
sected out for examination. Species of the group are Polyporus brauniiy 
P. vatereatusj P. colensoi, P. infernalis, and P. proprius. In all probability 
they are present since they have been noted in one species with similar 
context, Polyporus rosettus. 

Clamp connections are absent from brown-coloured species with a 
dimitic system, which suggests there is a fundamental difference between 
species with brown and those with hyaline hyjihae. On the other hand, they 
are present in all species examined with a trimitic system whether possessing 
brown or hyaline hyphaa. This, again, suggests that the hyphal systems are 
significant. 

These bodies are often difficult to detect, and sometimes they are 
limited to the sub-hymenial layer of young plants (Fig. 1). In other cases 
they may be seen readily, especially in species with a monomitic system 
possessing hyaline-coloured hyphae, and in the brown hypha^ of Merulius 
lacrymans. As clamp connections are associated with nuclear behaviour, 
efforts were made to ascertain the number of nuclei in each hyphal cell. 
Nuclei were seen in only a few species. Most are extremely small, being 
about 0-2/x diameter, and consequently are easily overlooked. Species in 
which nuclei were seen fall into the following groups : — 

Binucleate — 

Monomitic, hyphae hyaline, clamp connections present — 

Polirporiis aduntus, P. JumomH. 

Dimitic, hypha* hyaline, clamp connections present — 

Merulius confusum, M. coriunif M. miniatvs. 

Polyporus roseMus, 

Poria selecta, P, sinuosa^ P. vaporaria^ P, vincta. 

Trimitic, hyphne hyaline, clamp connections present — 

Trametes cinnaharim, 

Polyporus versicolor. 

Vninucle.ate — 

Dimitic, hypha* brown, clamp connections absent — 

Poria conligua, P. ferruginosa, P. luteo-fiiha. 
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While it is perhaps unwise to generalize on such > a few records, it is a 
reasonable assumption that clamp connections are connected with the 
number of nuclei, being present in binucJeate hyphse and absent from 
uninucleate. 


Hyphal Colour 

Colour of the context has been used by several workers as a generic 
character. There is some justification for separating those with brown from 
those with hyaline hyphae ; for, as has been shown, hyphal colour appears 
to be associated with presence or absence of clamp connections. There is 
little to support use of bright colours or of dilferent shades of brown in 
generic delimitation. Tram^tes cmnalxirina, for example, is described as 
having cinnabar-red context, and on this score was placed under Pycnoporus 
by Murrill. Under the microscope hyphae are seen to be hyaline, with bands 
of reddish- or orange-coloured pigment granules deposited at intervals on 
portions of the hyphal walls. The species therefore possesses hyaline hypha? 
and should be grouped accordingly. Many species with yellow or light - 
brown context owe their colour to deposits of brown or yellow mucilage 
coating the exterior of the hyphae, or embedding them. When deposits 
are removed with lactic acid or potassium hydroxide, hypha' are seen to 
be hyaline. Again, it is a common experience to find species with white 
context when fresh change in colour to isabelline or even ochraceous brown 
when dry. Lloyd (1915) created several sections to contain specie's which 
had undergone such a change, with the result that closely related plants 
were sometimes placed in different sections. Others with context coloured 
pink or rose are seen under the microscope to possess hyphap which are either 
hyaline or light brown. 

Because of these discrepancies, the author has described hyphal colour 
as seen under the microscope when tissues were viewed with apochromatic 
objectives and monochromatic light. All then fall into two groups - those 
with hyphsB coloured some shade of brown, and those which are definitely 
hyaline as to the hyphal wall. Difficulty was experienced in placing very 
few. Poria altenuata^ Letizites hetulinu, Foniea elliaimms, and F. rosem 
possess context hyphse which are tinted brown, so might be includc'd with 
hyaline-coloured species unless critically examined under the conditions 
specified. 


Basidial Types 

Three general types of basidia and related structures are present 
in species of the family. Herein they have been named “ merulioid,’' 
honeycomb,’’ and “ clavate,” Basidia arise from a suh-hymenium w*hich 
may be composed of one or more layers of hyphae lying parallel with tramal 
walls, of densely woven hyphae partly gelatinized, or of two or more layers 
of isodiametric cells. They may persist through the life of the plant, or 
collapse as soon as spores are shed. 

Merulioid Type, — Basidia are hyaline, long-cylindrical, from 12/x to 
*30/1 long, 3/a to 4/x broad, persistent (Fig. J ), and compacted into a gelatinous 
firm layer usually arising from a sub-hymenium of densely woven hypha^ 
sometimes partly gelatinized when it is then difficult to identify individual 
hyphae. Spores are usually cylindrical, or allantoid, exceptions occurring 
in a few species of MeruUus, Basidia and the sub-hymenial tissue may usually 
be separated from the tissues of the context. This feature was used by 
Monlagne as the generic character of Oloeoporus, It is also common to 
species oi Merv^ius, hence the name for the basidial type. 
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Honeycomb Type. -Basidia are clavate or oval, short, usually about 
8/x X 4/x, hyaline, stain readily, and are laterally firmly cemented at the base 
into a palisade (Fig. 3). Finally they collapse, leaving the cemented basal 
layer persistent on the tramal wall, where it has an appearance not unlike 
the surface of honeycomb (Fig. 2), and occasionally shows the edges, when* 
cut with the razor, perforated like an edge of a postage-stamp (Fig. 4). Of 
the 32 spficies (exhibiting this basidial type, all but three possess brown - 
coloured hypha^, exceptions being species of Fomes with hyaline context. 

Clavate Type. - Most species possess this type. Basidia are usually clavate, 
less commonly elongate-clavate or fusoid, of varying lengths, 6p to 25/x, 
and arise from a two or thnn* layered sub-hymenium (Fig. 5). They may 
be compacted into a dense palisade, arranged loosely and irregularly upon 
the sub-hymenium or, following spore discharge, collapse and become 
gelatinized, then appearing in old plants as a formless mucilaginous film 
overlying the tramal wall. Basidia are not infrequently mixed with ends of 
skeletal hyphse, which sometimes project beyond the hy menial lay(>r into 
the pore cavity and have then been termed paraphyses or (‘vstidia. 

Inclusions 

SetCB. -Many speci(js with browm -coloured hyphse poss(*ss ventncose, 
thick-walled, chestnut-brown seta» embedded in the hymenium or context 
(Figs. 7 and 8). They arise from skeh'tal hypha‘ in species with a dimitic 
system, from generative in species with a monornitic system, such as 
Polyporus cnticularis and P. raihatns. Seta‘ have not been s(‘en in plants 
with a triniitic system. Usually sete develop below the sub-hviiKmium and 
protrude* beyond the basidia. In size they range from 10^ to 160^ in length, 
and in diameter from fip. to 12/x. Bodies of similar colour but much greater 
length may be seen in the cont(‘Xt of a few species, an example being 
Polyporus tnbacinus. In Polyporus gram move phalus they are compound, 
and form conspicuous obj(*cts against the hyaline context (Fig. 9). 

Vystidia. Few species of the family possess these bodi(*s, so character- 
istic a filature in certain of the Thelephoracea*. Gloeocystidia have been 
noted in Polyporus brauuit, Meruhus miuiatus, Poria afteuuata, and P. 
v-inctn. Usually hyaline smooth hypha* with coloured lumen, they are 
encrusted in Polyporus hraunii and Poria vutetn, appearing in section not 
unlike a maize-cob. 

Lactiferous 2)M.rAs. - Present in Fomes aunosus, Polyporus herkeleyi, 
P. coleu SOI, P. lateritius, P. proprius, and P. sulphureus of the species 
examined, ducts are not easily seen unless sections are stained. Th(*y then 
become conspicuous objects, extending in the context for a length of 2()()/a or 
more. Some may be convoluted, others resemble spirochaetes or giant 
hypha?, or may even appear stellate. 

Crystals. — A few species exhibit abundant crystals embt'dded between 
the hypha* of the context. Their presence usually nnuhns sectioning 
difficult. Crystals may be small (circa, 10/x) and globose or cubical, or ir- 
regular masses attaining a diameter of 50/x or more. In species of Meruhus 
they form a definite layer beneath the hymenium, making its separation from 
the context relatively easy. Crystals have also been noted in Trametes 
abietis, Fomes roseus, Polyporus berkeleyi, P. catervatus. P. poculus, P, 
proprius, Poria cahea, P. hyalina, P. suhicida, and P. tarda. 

Mucilage.— context is stiffened into a caseous consistency in a few 
species by mucilaginous or gelatinous matter in which the context hyph® 
are embedded. Polyporus australiensis, Fomes laricis, Poria macrospora, 
and P. xaniha are typical examples. 
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Save for the ventricose setee present in a few species with brown-coloured 
fiyphee it is doubtful if inclusions are of classifiable significance, because of 
their rarity. When present, as the maize-cob cystidia of Polyporm hraunii 
and Poria vincta, they serve as useful aids in specific diagnosis. 

By use of the characters discussed it has been possible to arrange the 
species studied into numerous natural groups which indicate their relation- 
ships. These features afford a more exact means of separation than is 
possible by use of the macroscopic characters used by Fries, since form and 
texture depend upon the hyphal systems and hyphal types present in all 
species. Corner (1932b, p. 72) has ably summarized the position thus 
(italics being mine) : — 

. , . The fruit bodies . . . differ ... as one would expect, in the properties 

of the hyphal wall, in the modification of the hyphal ends on cessation of growth, in the 
behaviour and manner of branching of the hyphsc and in the factors governing the relative 
development of the tissues. These are seldom recorded in specific descriptions ; reliance 
is had rather on macroscopic characters, which are bvt •'iecondartf effects of the nn'nvte 
constructioT) with little or no tny ecological significance. Differences in colour and texture 
are determined by the characters of the crust and the hyphal systems ; the microseopu’ 
structure of the upper surface decides whether it will be smooth, matt, velutinatc, 
tomentosc, laccate, and so forth. Suc*h descriptivt* terms would serve if they really 
indicated definite microscopic characters, but in referring only to the gross appearance 
they are too vague. A matt surface, for instance, may be caused by the crowding of 
the ends of the skeletal hyphte at a common level, by the development of an irregular 
crust by the generative hyphre, or merely by the excretion of granular and crystalline 
matter ; a woody or corky texture may be due to the abundance of oblicpu* and trans- 
verse skeletal hyphac, or to the presence of a binding system as well, or even to a single 
system of hyph» with thickened walls and compact arrangement. And should such 
fundamental differences reach a macroscopic level they can l»e expressed only very 
inadequately in degrees of woodiness, heaviness, roughness, or hardness most difficult 
to appreciate. Hence it is almost impossible to identify a poly pore with certainty from the 
customary descriptions ; a thorough microscopic examination will often disclose constant 
peculiar details in otherwise similar fungi that the type material must be re-examined 
to decide the issue .... The Holyporaceie are acknouledged among the most 
perplexing fungi to identify, 'i'he reason is surely because tluur detaileil study has 
scarcely begun ; only by carrying the microscope to all point:^ can one try out thc’i 
limitations of a morphological classification. 

In subsequent papers, covering taxonomy of New Zealand species of 
this and related families, use will be made of the microscopic, features dis- 
cussed above to outline a classification which will more closely indicate 
relationships of species and their generic limitations than has hitherto been 
possible by use of macroscopic features. Unfortunately, it has not been 
possible — owing to lack of sufficient material - to examine all traditional 
species of Europe and North America which have been used as types for 
the many genera proposed. 

The following outline covers some one hundred species (many similar 
ones being omitted to save space), and should serve as some indication as 
to the manner in which species fall into natural groups. Many of the 
traditional genera of Fries will necessarily have to be subdivided into several, 
since it is evident that under Polyporm^ Fonm, or Poria one cannot maintain 
species with such diverse hyphal systems as monomitic, dimitic, and 
trimitic ; hyaline or brown hyphee ; or types of basidia such as have been 
outlined. Examinations have been made of specimens contributed by 
mycologists from Sweden, Germany,- France, Italy, "England, United States 
of America, Malaya, Philippines, and Australia, together with those collected 
over the past quarter-century in New^ Zealand. Names used are those under 
which collections were received, and in some cases may be synonymous 
with others menUoned. 
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Outline of Mkroscopic Features in Species examined 

MONOMITIO. — Generative hypha' alone present in the context ; long, branched, 
septate, thin-walled : — 

Context hyphfic hyaline under the microscop<" ; clamp connections present — 
Basidial type merulioid — 

Polyporua dichrous, P. phlebophorufi. 

Poriri meruhmi. 

Basidial type honeyoomb : no representative seen. 

Basidial type clav'ate — 

Polyporvs aduMtva^ P. antkrac4)philuM^ P. atro-drifjosus, p. fumomu, 
P. spumeufi. 

Context hypha? brown under the micro.scope — 

Basidial tyt>e merulioid ; clamp connections present — 

Merulim Incrymans. 

Basidial type honeycomb ; clamp connections wanting ; ventricose setie 
present in the hymen ium — 

PohjporuH cuticiilaris, P. rndiatuH. 

Basidial type clavate ; clamp connections wanting ; ventricose seta* wanting — 
PolyporUH aureofulvv^i, P. ohlectan^^ P. perennin. 

DTMITIC.— -Skeletal and generative hypha* present in the context : — 

Context hypha* hyaline; ventricose seta* absent — 

Basidial type merulioid : clamp connections present — 

Skeletal hypha* of bovista type, thick-walled, aseptate — 

Porta Aelecta. 

Skeletal hypha* of long type, branched, septate — 

Polyporus penduluH, 

‘^^MpruUui^ cxmfumm^ M. coriutn^ M. minintuH, 

Porta hyahrm. 

iLaftchta inteHlitmlia (skeletal hypha* aseptate). 

Basidial type honeycomb ; clamp connections wanting ; skeletal hyphai 
long, branched— 

Fomen annoMUfi (skeletal hypha* septate, generative hypha* aseptate). 
FotuPif hernitephruff (skeletal and generative hypha* aseptate). 

Basidial type clavate ; clamp connections present — 

Skeletal hypha? of bovista type — 

Skeletal hypha* septate — 

Skeletal hypha* thin -walled — 

Porta dictyopora^ P. ntedulh-panifty P. rntb-nerpens. 

Skeletal hyphf© thick-walled, lumen almost obliterated — 
fPolyporuft hramiii, P. grant mocejthalttjv^ P, rosettus. 

Poria vincta. 

Skeletal hypha* aseptate — 

Skeletal hypha? thin-wallcd — 

PolypoTUH betuUnus, P, etimlyptoriim, P. .sufphureuj^. 

Skeletal hypha* thiok-walU*d, lumen almost obliterated — 

PotyporuH arcularius, P. bnrkeleyit ^P. ivfertiafi'iy P, volvaiufty 
P. xerophyUus. 

Poria cinerescettn. 

Trameies hexagonoidet*. 

Skeletal hypha* of long type — 

Skeletal hypha* septate — 

Skeletal hyphae branched — 

PolyporuH autitrafiensi’S, "fP. cater vatusy P. varlH<^. 

'fXPoria sttbacida. 

Skeletal hyphflc unbranched — 

Foment officinaltH, 

Skeletal hypha? aseptate — 

Skelet4 hypha? branched — 

Polypofus benzoinuSy cohnsoty fP. proprim, 

Poria calcea. 

Skeletal hyphae unbranched — 

Polyporuft alutacemy P. horealia. 

Porw sinuosQy P, vaporaria, P, xantha, 

* Manuscript name for ei^ecies not yet identifled. t Clamp e<>nne< ti(>nH imt seoii since 

context U sclerotioid. t Fonm type with pores in strata. 
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BIMITIC. — Skeletal and generative hyphro present in the contexir--zontinued 
Context hyphae brown ; clamp connectiona wanting — 

Basidial type merulioid : no representative seen. 

Basidial type honeycomb ; skeletal hyphae of long type — 

V^entricose seta? present in the hymoniiim — 

Skeletal hypha' septate — 

iSkeletal hypha? branched — 

Fames jmtearius, F, rimosm. 

%Porin ferrugi nosa, iP. subweArii, 

Tra metes pini. 

Skeletal hypha* imbranched — 

Fomes igniarius, F. pomace m, F. rohustns. 

Polyporus gilvus, P. tabacinns. 

Skeletal hypha* aseptate — 

Skeletal hypha* branched — 

Poria hrvnneo-adhaerens^ ferrea. 

XPoria setosa, P, subcontigm^ JP. nncAnata. 

Skeletal hypha* nnbranched — 

Fames senex„ F. zeylandic/us. 

TramHes isaheUinns. 

XParia pereffasa, punctata. 

Ventricose seta? wanting — 

Skeletal hypha* septate — 

Skeletal hypha* branched — 

XPoria cmteri. 

Skeletal hypha? nnbranched — 

Polyporus “ lateritiusA' 

Skeletal hypha* aseptate- - 

Skeletal hypha? branched — 

Fames ajiplanatus. 

Skeletal hypha* unbranche 1— * 

XPoria friesiana. 

Basidial type clavate ; skeletal hypha* of long typo — • 

Ventricose seta* present in the hymenium — 

Skeletal hyphae branched, septate— 

XTrametes abietis. 

Skeletal hypha? branched, aseptate — 

Poria contigwi, 

Ventricose seta* wanting — 

Skeletal hypha* branched, septate — 

Polyporus ludoiHcianus. 

Hexagonia gunnii. 

Poria luteo-fulva. 

Skeletal hypha? branched, aseptate — 

*Fomes awhitu^ F. ellismnns, F. marmorains. 

XPoria altenuata. 

Skeletal hyphae unbranched, aseptate — 

Poria carhonaria. 

TRIMITI(\ — Skeletal, binding, and generative hypha* present in the context; clamp 
connections present ; ventricose seta? wanting — 

*'• Context hypha* hyaline — 

Basidial type merulioid : no representative seen. 

Basidial type honeycomb. Skeletal hypha? long, aseptate, unbranched ; 
binding hyphse of bovista type — 

Fames lignosvs. 

Basidial type clavate. Skeletal hyphes* aseptate, unbranched, long — 

Binding hypha* of bovista type, aseptate — 

Polyporus affiniSf P. hirsutus, P. oceidentaliSf P. versicolor , P. zonaius. 
Trametes cirmaharina^ T. peraooniif T. suavoUns. 

Binding hyph» of long type, aseptate, sparingly branched — 
i Fames Jraxinophilus. 

Paedalea confragosa^ D. unicohr. 

.Poria maorospora (binding hypha? nnbranched). 

* Manuscript name for si)eries not yet. identified. X Fomes type with pores In strata. 
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TRIMITIC. — Skeletal, binding, and generative hyphue present in the context; clamp 
connections present ; ventricose setfie wanting — continued 
Context hypha* brown. Skeletal hypha? long, asoptate, iinbranohed — 

Basidial type merulioid : no representative seen. 

Basidial type honeycomb. Binding hypha» of long type, asoptate, branched — 
Fame ft lucidm, F. pi ni cola, F. roHeus. 

Basidial type elavate — 

Binding hypha* of bovista type, branched, aseptate — 

Lenzites admtm^ L. hetulina, L. corrygata^ L. ftaepiaria. 

Fomen fomentarius. 

Tmmetes hispida^ T. molUn. 

Binding hypha* of long type, aseptate — 

Fotnen margutatuH^ F. palhtieri. 

^DnMalea mvairaka, J). quercina. 

XTrnmetes odornta. 

* Mnnusrript name for ajiecies not yet Identified J Fontex type with pores in strata 
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COPPER COMPOUNDS AS FERTILIZERS FOR 
PASTURES DEFICIENT IN COPPER 

By I. J. Cunningham and D. D. Perrin, Animal Research Station, 
Department of Agriculture, Wallaoeville 

{Received for publication, 4th July, <* 


Summary 

It has been shown that commercial bluestone applied as a fertilizer increases 
the copper content of defici^t pastures grown on peat soils and prevents stock- 
diseases due to copper deficiency. The most suitable rate of application is 5 lb. 
per acre each year, and autumn top-dressing is more elffective than spring top- 
dressing. 

A single top-dressing causes a marked response in the first year, but after 
twelve months the pasture copper has dropped to a level slightly above that of 
untreated pastures and remains at that level for at least two more years. There 
is a higher maximal and more persistent effect on peat soils than on clay soils. 

Repeated annual top-dressings even at as high a rate as 20 lb. per acre do not 
cause aonormally high pasture copper contents. 

Insoluble copper oxychloride is no more effective as a fertilizer than soluble 
copper sulphate. 

The copper content of hay is increased by top-dressing in the spring after 
the hay paddock has been shut up. 

Copper sulphate does not damage the pasture crop ; there is, in fact, a 
tendency for copper fertilizers to favour the persistence and establishment of 
the better types of pasture species on copper-deficient land. 


Introduction 

The most effective and reliable method of supplying copper to stock on the 
copper-deficient peat areas of New Zealand has been to top-dress the pastures 
with copper sulphate or with fertilizers containing copper. The method 
ensures that all grazing stock obtain copper regularly, and has the additional 
advantage that the nutritional environment of the pasture is brought nearer 
to normal. 

Several important points required study before toj)-dreB8ing with copper 
compounds could be employed with confidence and on a wide scale over 
copper-deficient areas. It was necessary, for example, to determine (a) the 
minimum effective rate of top-dressing and the optimum intervals between 
top-dressings and the maximum safe rate of top-dressing, (b) if repeated 
top-dressings of the same area result in dangerous accumulation of copper, 
(c) if other fertilizers applied at the same time influence the uptake of copper 
by the pasture plant, (d) if time of year in which top-dressing is applied 
affects the result, and (e) if there is any effect on the botanical compositiem 
of the pasture cover. 

Practically no assistance on these points could be obtainisd from the 
litemtpre. It is true that popper has: been employed to a considerable extent 
in iip^ica, Australia, and Europe as a fertilizer for crops such as cereals, 
tomatbesi potatoes, peas, and to control exanthema and die-back in citrus 
and other fruit drees. As a top-dressing for pastures, however, very limited 
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use indeed has been made of copper compounds. In the G ingin area of 
Western Australia, Bennetts and Beck(l) showed that 20 lb. copper sulphate 
per acre increased to normal the copper content of deficient pastures and 
that the effect persisted for at least one and a half years, and Underwood, 
Robinson, and Curnow(2) found that 15 and lb. copper sul})hate were 
effective for three years and two years respectively. The soil in Giiigin is a 
sand type, whereas, in New Zealand, copper-deficient areas are peat soils 
in various stages of maturity. 

It was obviously necessary to institute a comprehensive plan of experi- 
mental work which would give the necessary information and give it under 
the existing local conditions. This paper reports the results that have 
been obtained for the first three years of the investigation. 


Experimental 

In each of two typical peat areas a series of small plots was laid out. 
The plots were top-dressed annually with copper compounds, alone or in 
combination with other, fertilizers. Copper sulphate in the form of com- 
mercial bluestone was used for most of the plots, because the advantages of 
cheapness and availability commended it for later large-scab' use in 
commercial farming. In one season certain plots were top-dressed with 
Cuprox, a commercial preparation containing 97 per cent, copper oxychloride, 
which differs from copper sulphate in being insoluble in water. The bluestone 
employed contained 24*8 per cent, of copper and the Cuprox 5()’4 per cent, 
of copper. 

A small number of plots at Wallaceville were also top-dressed to give 
some data on the effect of application of copper to pasture on soil containing 
no peat. 

Pasture samples were taken at approximately monthly interA^als from 
all the plots and analysed for copper. 

Regular samf)liugs were also made of pastures on fields varying in size 
from 6 to 50 acres to which bluestone or Cuprox had been applied in the 
course of experiments on the control of stock diseases caused by co])per 
deficiency. 

Details of the experimental procedure and of the results are as follows : — 


Plot Experhnents 

Plots on peat land were situated at Waitakaruru and on an area in the 
Gordonton district, near Hamilton. The Waitakaruru area was of moderately 
consolidated peat on which the jiasture was almost entirely Yorkshire fog 
{Holcus lanatus) and Lotus wajor. Gross copper deficiency existed, the mean 
copper content of a large number of pasture samples taken at different 
seasons of the year being 3*6 p.p.m. Cattle and sheep livers were extremely 
low in copper. The cattle were unthrifty, and enzootic ataxia occurred in 
lambs. The Gordonton area was of relatively well-consolidated peat soil 
and the pasture was predominantly Yorkshire fog, with perennial rye-grass 
and white clover constituting about 40 per cent, of the cover. Severe peat 
scours occurred in the dairy stock and the copper content of the livers was 
low. The mean copper content of a large number of pastures taken at 
different seasons of the year was 7*1 p.p.m. 

The mean copper content of “ normal New Zealand pastures has been 
found to be 11*0 p.p.m. 
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The layout of the plots is shown in Fig. 1. 
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Fig, 1. — Plan of Experimental Plots at Waitakaruru and Gordonton, showing 
Top-dressing applied in Different Years. 

( B « bluestone (iwund per acre) ; L * agricultural Uiuc (liundredwelght per acre) ; S « serpentine- 
superphosphate (hundredweight per acre) . P « muriate of ]>otaflh ( hundred w'eight per acre).) 


Two sets of plots, each the same as that illustrated in the figure, were 
employed in each area. Duplicate observations were therefore obtained at 
Waitakaruru and at Gordonton. The plots were totally enclosed by a stock- 
proof fence approximately 15 ft. outside the plots. The belt between the 
plots and the fence was not top-dressed and provided untreated pasture 
samples for comparison with pastured from top-dressed areas. The dimensions 
of each plot were 20 x 25 links and the area acre. 

. Up to the present time the plots have been under observation for three 
years, 19^3 to 1945. The top-dressing applied each year is shown on each 
pAot in Fig. 1. 
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All 1943 top-(lressinf< was done in the autumn— at Waitakaruru on 
14th April, 1943, and at Gordonton on 2nd March, 1943. In 1944 and 1945 
all plots except 3, 7, 11, and 15 were top-dressed in the autumn— at Waita- 
karuru on 18th February, 1944, and 22ud March, 1945, and at Gordonton 
on 15th February, 1944, and 23rd March, 1945. Plots 3, 7, 11, and 15 were 
top-dressed in the spring in 1944 and 1945 — at Waitakaruru on 2()th 
September, 1944, and 17th September, 1945, and at Gordonton on 18th 
September, 1944, and lOth Se])tember, 1945. 

The layout of the plots permitted the following observations to be made - 

(a) A comparison of plots 1 , 5, 9, and 13 with plots 4, 8, 12, and 15 showed 
the differences between the uptak(‘ of copper when bluestoue, 
mixed with serpentine-superphosphate and potash, was applied 
at different rates to heavdly limed land and when it was apf)lie(l 
with small quantiti(*s of lime alone. 

(h) A comparison of plots 3, 7, 11, and 15 with plots 4, 8, 12. and 15 
showed the differences between the effect of spring and autumn 
top-dresvsing with copper at different rates of top-dressing. 

(r) Continued observations on plots 5, 10, 14, 20, and 28 showed the 
jiersistence of effect of one top-dressing of different amounts of 
bluestoue or Ciijirox on cojiper content of jiasture. 

Observations on the foregoing were incomplete for the first year after 
top-dressing, but are complete for the two years aft(‘r the second and third 
top-dressings. 

Complete data from the first top-dressing is presented for plots 29, 30, 31, 
and 32. These plots were not top-dressed in 1943, but were to[)-dress(*d in 
1944 and 1945 at the rates of 2J, 5, 10, and 20 lb. bluestoue per 
acre resjiectively. 

The })lots at Wallaceville were on a clay soil with a jiasture (‘over of 
rye-grass and white clover. The area of each plot was acre. 

Top-dressing was carried out in the autumn of 1944 and 1945 on 14th 
April, 1944, and 3rd April, 1945. Each plot receiv(*d lime at the rate of 
2 cwt. per acre, and in a group of five plots the rates of ap})lication of 
bluestoue were 0, 2J, 5, 10, and 20 lb. per acre. There were two such groups 
in the experiment. 

All plots were sampled at approximately monthly intervals and analysed 
for copper by methods already (ie8cribed(3). After each sampling the plots 
were rapidly grazed off by stock drawn from ])astures not top-dressed with 
copper. The droppings were spread by light harrowing. Grazing was so 
managed that pasture was 4 in. to 6 in. in length when the date for th(» next 
sampling came round. Usually one grazing between sampling dates was 
sufficient, but more were necessary in seasons of rapid pasture growth. 

Results are shown in graphical form in Figs. 2 to 4. The cojijier contents 
of the pastures are expressed as parts per million copper in dried grass, and 
in preparing the graphs the mean has been employed of two equivahmt 
duplicate plots in the one location for each date. 


Samples from Top-dressed Fields 

On four farms top-dressing was carried out as a pro[)hylactic measure 
against enzootic ataxia and peat scours. 

One of the farms was the peat land adjacent to the Waitakaruru plots. 
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Gn this farm one field was top-dressed with a single application of 20 lb. 
Cuprox and 2 cwt. lime per acre, a second field was top-dressed with 5 lb. 
bluestone in 2 cwt. lime the first year and 5 lb. bluestone in 2 cwt. super- 
phosphate the second year, and a third field was top-dressed in two successive 
years with 10 lb. bluestone and 2 cwt. lime per acre. Results are shown in 
Fig. 5a. 

The second farm was that on which the Gordonton plots were located, 
and the remaining two were similar in history to this farm and were situated 
in Ngatea and Pongakawa. On these farms the whole area was top-dressed 
and normal farming methods were followed. Five pounds of bluestone and 
2 cwt. lime per acre were applied to most fields, 10 lb. bluestone and 2 cwt. 
lime were applied to one field on each of two farms, and 20 lb. bluestone 
and 2 cwt. lime were applied to one field on each of the three farms. 

The mean result for each different rate of top-dressing is shown in Fig. 5b. 


Results 

Waitakaruru Plots , — Figure 2a : This depicts the results for plots 29, 
30, 31, and 32 in comparison with the untreated control area, and shows the 
effects of autumn top-dressing in two successive years with bluestone at the 
rates of H, 5, 10, and 20 lb. per acre applied with carbonate of lime at 2 cwt. 
per acre. As little as 2^ lb. bluestone per acre produced an appreciable 
effect, the copper content of treated pastures being more than twice that of 
the controls. With increased weight of bluestone applied, up to 10 lb. per 
acre, there was increased -uptake of copper by the pasture, but this effect 
was not directly proportiohxal to the greater weight of coi)per in the heavier 
dressings. The difference between the effects of 10 and 201b. per acre was 
insignificant. 

Figure 2b : This gives a comparison of the results for plots 5 and 8 and 
for 13 and 16 and also shows results for pasture from the‘ untreated control 
area. The purpose of the comparison was to determine the effect of applying 
bluestone in conjunction with different fertilizers. Of the pairs enumerated 
above, the first named (continuous lines in graph) in each instance was 
top-dressed in 1943 with carbonate of lime at the rate of 1 ton per acre and 
bluestone was applied mixed with serpentine-superphosphate and muriate 
of potash in 1943, 1944, and 1945. The second plot of each pair (dotted 
lines in graph) was top-dressed in 1943 with bluestone alone and in 1944 and 
1945 with bluestone mixed with 2 cwt. carbonate of lime per acre. The two 
pairs shown in Fig. 2b are for dressings of bluestone of 5 and 201b. per 
acre. To preserve" clarity of presentation, the results for plots 9 and 12, 
top-dressed with 10 lb. bluestone »per acre, have not been included in the 
graph. The curves for results frdm these plots fall between those for the 
5 and 20 lb, bluestone dressings. 

The graph is incomplete for results after the first top-dressing, but is 
complete for the second and third years’ top-dressing. 

It will be observed that the copper contents of pastures from pairs of 
plots are closely similar. Absorption of copper by the plant was the same, 
whether bluestone was applied mixed with serpentine-superphosphate and 
potash or with lime. 

The graphs also give information on the effect of successive annual 
top-dressings on the same area. The pastures on all four plots contained 
, less than 10 p.p.m. of copper in the dry grass in November, 1945, at which 
titne there had been three successive annual top-dressings with 5 lb. or 20 lb. 
o^f -ibluesi^ne per acre. At this stage, threfore, there is no evidence of 
da^agcrdus accumulation of copper in the herbage. 
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Figure 2c : This graph gives a Goni})arison of the effects of spring and 
autumn top-dressing. Data for plots 7 and 8 (5 lb. bluestone per acre) 
and 15 and 16 (20 lb. bluestone per acre) are shown. The method of presenting 
the results is to show the figures for spring top-dressed plots (7 and 15) as a 
continuous graph in each case. The results for the corresponding autumn 
top-dressed plots (8 and 16 respectively) are transposed so that the to})- 
dressing dates for both spring and autumn are made to fall on the same 
ordinate. Graphs for sj)ring and autumn top-dressed plots for the same rate 
of bluestone application have the same symbol, except that large circles 
appear at intervals in the graph for the autumn top-dressed plots. 

The results indicate that a more persistent effect is achieved by top- 
dressing in the autumn. In 1944 there was a sharp rise in pasture copi)er 
after spring top-dressing, followed by a rapid fall. The autumn toi)-dressing 
produced a slower rise and the increased copper contents were more sustained. 
In 1945, spring top-dressing did not produce such a high peak in copper 
content and the fall in cop])er content was more rapid than after autumn 
top-dressing in the same year. 

Figures 2d and 2e : These gra[)hs show the |)ersistence of the effect of 
one application of bluestone or Cuprox, the effect being observed for three 
years after top-dressing on 14th April, 1943. The results for plots top-dressed 
with bluestone at 5, 10, 20, and 40 lb. ])er acre are shown in Fig. 2d and for 
5 lb. and 10 lb. Cuprox per acre in Fig. 2e. 

The effect of as little as 5 lb. per acre was still apparent three years 
after toi)-dre8sing, when the copper content of the pasture was a})proximately 
5 p.j).m., as against a content of 3 p.p.m. in untreated ])asture. 

One top-dressing with 10, 20, or 40 lb. bluestone })er acre produced 
levels of copper in the pasture ])ersistently higher than that caused by 5 lb. 
per acre. 

On the particular type of soil at Waitakaruru one top-dressing at 20 lb. 
bluestone per acre would maintain the copper content of the pasture for at 
least three years at a sufficiently high level to ensure stock health. 

One top-dressing with 5 or 101b. Cuprox per acre also maintained the 
copper content of the pasture above that of the controls for the three years 
of the observations. The effect of Cuprox was not as marked as that of 
bluestone when weight of copper applied is considered (Cuprox contains 
approximately twice the proportion of copper that bluestone does). 

In the case of both the bluestone- and Cuprox- treated plots the level of 
copi)er in the pastures remained more or less constant for the last two years 
at the level that was reached twelve months after the single top-dressing. 
The results for these plots, considered along with results in Figs. 2a and 2b, 
show that the effect of a top-dressing with copper is to produce an immediate 
marked rise in copper content of the pasture, a rapid fall up to the end of the 
first twelve months, and then a persistent level of copper in the pasture 
higher than that in the untreated control areas. 

Gordonton Plots . — Figure 3a shows results for plots 29, 30, 31, and 32 and 
the un-top-dressed area surrounding the plots. The first top-dressing of the 
plots was carried out on 15th February, 1944, and the graph prior to that 
time therefore shows the copper content of pasture samples from untreated 
plots. Top-dressing with bluestone at the rate of 2J, 5, 10, and 20 lb. per 
acre was carried out on 15th February, 1944, and 23rd March, 1945. 

The Gordonton area differed from the Waitakaruru area in the higher 
content of copper in the untreated grass. 

9 — Sotence. 
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Only a very small increase in the copper content of the pastures was 
produced by a top-dressing of 2^ lb. bluestone per acre. Top-dressings of 
5, 10, and 20 lb. per acre all caused an appreciable and approximately similar 
response. The difference between the effects of 5, 10, and 20 lb. per acre 
was not as pronounced on the Gordonton plots as on the Waitakarurn 
plots. 

Figure 3b : This graph gives a comparison of the results from plots 5 
and 8 and plots 13 and 16. Plots 5 and 13 were top-dressed in 1943 with 
1 ton lime per acre, and bluestone, mixed with serpentine-superphosphate 
and muriate of potash, was applied in each of the three years 1943-45. 
Plots 8 and 16 were top-dressed with bluestone alone in 1943 and with blue- 
stone mixed with 2 cwt. lime per acre in 1944 and 1945. Rates of blue- 
stone application each year were 5 lb. per acre for plots 5 and 8 and 20 lb. 
per acre for plots 13 and 16. 

Results for samples collected during the year after the first top-dressing 
are incomplete, but complete results are available for the remaining two 
years. In 1944 there was no appreciable difference when cop])er was applied 
with lime or when applied mixed with serpentine-superphosphate and 
potash. In 1945 bluestone mixed with lime produced a greater rise in copper 
content of the pasture than did the same amount of bluestone mixed with 
phosphate and potash. 

Three successive annual top-dressings have not resulted in the copper 
content of the pastures reaching abnormally high values. There is a tendency 
for samples from all plots to be slightly higher in copper content over the third 
year than over the second year, but the levels reached were nowhere near 
the point at which stock health would be endangered. 

Figure 3c : This graph compares plots 7 and 8 (5 lb. bluestone per acre) 
and plots 15 and 16 (201b. bluestone per acre) ; the first of each pair was 
top-dressed in the spring and the last of each pair top-dressed in the autumn. 
The results have been presented in the same manner as for the Waitakarurn 
plots by drawing the results for the spring top-dressed plots straight through 
and by transposing the results for the autumn top-dressed plots so that 
top-dressing dates lie on the same ordinate. The same symbols are used 
for plots top-dressed at the same rate, but the graph for the autumn top- 
dressed plots has large circles at intervals. In 1944 there was a marked 
effect in spring shortly after top-dressing and a rapid fall to values that 
were approximately similar to those for autunm top-dressed plots. 

In 1945 there was very much smaller response to the spring top-dressing 
than to the autumn top-dressing. 

The results from the Gordonton plots agree with those from the Waita- 
karuru plots in indicating a better response to top-dressing done in the 
autumn. , 

Figures 3d and 3e : These graphs show the persistence of effect from one 
top-dressing with bluestone or withCuprox. In Fig. 3d are given the results 
for plots 6, 10, 14, and 20 top-dressed once on 2nd March, 1943, with, 
respectively, 5, 10, 20, ||M 40 lb. jbluestone per acre, and in Fig. 3e results 
are given of plots 24 aim 28 top-dressed once on 2nd March, 1943, with 5 
and 10 lb. Cuprox per acre-re^pecflively. 

In every case some effect was e^dent for the three years the observations* 
were made. During th# second year there was no significant difference 
between the residual effect from 4ne different rates of top-dressing, but in 
^the Ibird year there was some segregation of results for the different rates 
and the copper content of pastures from the 5 lb. per acre plots was close 
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to that of the control areas. One interesting feature was that the autumn 
samples showed higher figures, indicating some tendency for a greater uptake 
of copper during that season from plots that had been once top-dressed. 

Wallaceville Plots . — Figure 4 : The purpose of the plots at Wallaceville 
was to determine whether dangerously high copper contents in pasture 
would be reached if copper was applied where there was no peat and where 
there was no evidence amongst stock of copper deficiency. The graph shows 
the results after two successive autumn top-dressings at the rates of 2J, 5, 
10, and 20 lb. bluestone per acre. 

There was an immediate response to each top-dressing, the content of 
copper in the pasture being higher the heavier the top-dressing with blue- 
stone. In each year the effect of the copper top-dressing was of relatively 
short duration. 

The effect of top-dressing with copper was, on the whole, less marked on 
Wallaceville soil than on the peat soils. There was no evidence in the two 
years of sufficient accumulation of copper in the soil to raise the copper 
content of the pasture to levels dangerous to stock. 

Top-dressed Fields . — Figure 5a shows results of top-dressing fields adjacent 
to Waitakaruru ])lots. 



Section 50 was a single field, 52 acres in area, which was top-dressed in 
March, 1943, with 201b. Cuprox and 2 cwt. agricultural lime j)er acre ; no 
further top-dressing was applied. Samples were taken at approximately 
monthly intervals until April, 1946. 

The copper content of the {)asture was exceptionally high for three months 
after top-dressing, the actual figures being 167, 185, and 105 p.p.m. copper. 
In the next three months the figures were 32, 55, and 30, and thereafter the 
figure was below 15 for the whole of the period of sampling. The unusually 
high figures for a period after sampling were probably not due to high 
absorption of copper from the soil. A more likely explanation is that these 
high figures were due to deposition of the finely ground Cuprox in the pasture 
during top-dressing and to the inclusion of some of the contaminated j:)asture 
at each sampling. This is probable, since there was a good growth of grass 
when top-dressing took place. Cuprox is insoluble in water and would not 
be readily washed off by ram, and the area was lightly stocked, having only 
125 sheep on the 52 acres. The grass was not eaten off properly until later, 
when a large fiock of wethers was employed. Small-scale experiments with 
as much as 50 lb. Cuprox per acre and in which the grass was mowed off each 
month after sampling have shown that it was only for the first sample that 
abnormally high figures were found. 


0 * 







Fig. 5. — Top-dressed fields. 
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Whatever the explanation, however, it is of interest that the use of an 
insoluble form of copper in top-dressing, when the fertilizer is applied to 
long grass and the stocking is light, may result in stock ingesting abnormally 
high levels of copper for some months. That this can be dangerous to sheep 
was shown by deliberately leaving a number of animals on the area, thus 
exposing them to the risk of coj)per poisoning. Twelve out of twenty-five 
sheep died with symptoms of cop})er poisoning. After the original growth 
of grass was eaten down by a large flock of wethers no further trouble has 
been experienced in sheej) that have remained continuously on the area for 
over two years. 

The graph shows that one api)Ucation of 20 lb. Cuprox [)er acre to Wai- 
takaruru soil is sufficient to maintain the cop[)er content of the pasture at 
normal values for at least three years after the top-dressing. 

Section 52, an area of 52 acres, was top-dressed in March, 1944, with 
5 lb. bluestone in 2 cwt. agricultural lime per acre, and in May, 1945, with 
2 cwt. copperized superphosphate, which supplied 5*6 lb. bluestone j)er acre. 
The first top-dressing raised the copper content of the [lasture to approxi- 
mately 10 p.}).m. at about which level it remained u}) to the second 
top-dressing, which caused a temporary rise. There was a subsequent fall 
again to approximately 10 p.p.m. 

Section 48 b, an area of 17 acres, was to]>-dressed in March, 1944, with 
10 lb. bluestone and 2 cwt. lime per acre, and again with the same quantities 
in March, 1945. The first top-dressmg jiroduced a rise in the co]>})er content 
of the pasture which was sustained until the second to[)-dressing took })lace, 
and then there was a still further increase in ])asture copper, with a subsequent 
fall to values ajiproaching 10 p.p.m. 

The results of Sections 52 and 48b agree reasonably closely with those 
obtained in the plot experiments (see Figs. 2a and 2b) in showing that top- 
dressing with 5 or 101b. bluestone per acre raises the copjier content of the 
pastures to normal values. The agreement is of further significance in 
showing that the detailed observations made on the plots can safely be 
employed as a guide for paddock-scale work. 

Ewes kept on these top-dressed areas have produced normal lambs, 
whereas there has been up to 100 per cent, incuhmce of enzootic ataxia in 
lambs from comparable ewes on adjacent untreated areas. 

Figure 5b : This graph summarizes the effect on the copjier content of 
pasture of top-dressing carried out on three dairy-farms as a pro])hylactic 
measure against peat, scours. Most of the fields on each farm were to})- 
dressed at the rate of 5 lb. bluestone and 2 cwt. lime per acre ; on two farms 
one field was top-dressed at the rate of 10 lb. bluestone per acre : and on 
each of the farms one field was top-dressed at the rate of 20 lb. bluestone 
per acre. The graphs shown are mean results for each rate of to})-dressing 
and for un-top-dressed areas on the same farms. Observations on 5 and 10 lb. 
per acre areas do not extend beyond the first year. No further to})-dressing 
was applied to the 20 lb. per acre areas* for two years and observations were 
continued for this time. The results show that all these levels of to})-dressing 
raise the copper content of the pasture appreciably above that of the untreated 
areas. 

For two to three months after top-dressing there was a higher content of 
copper in pastures top-dressed with 10 and 20 lb. bluestone per acre than m 
pastures top-dressed with 5 lb. bluestone per acre. After the third month, 
however, the results for each rate were substantially the same. 
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The copper content of pastures top-dressed with 5 and 10 lb. bluestone 
per acre was maintained at approximately 10 p.p.m. for ten months after 
top-dressing (the whole of the period of observation), and the copper content 
of pastures top-dressed with 201b. bluestone per acre remained slightly 
above 10 p.p.m. for twenty months after top-dressing. These results resemble 
fairly closely those obtained on plot experiments on similar farms. 

In years prior to top-dressing, all dairy stock on these farms were subject 
to peat scours in acute form. The effect of the top-dressing was to banish 
the scouring symptoms and to restore the health and production of the 
stock to normal. This result could l)e attributed to the use of 5 lb. bluestone 
per acre, as this was the rate of top-dressing for more than 95 per cent, of 
the area on each farm. 

Effect of Top-dressing with Copper on the Copper Content of Hay. — Some 
samples were taken of hay made from fields that had been top-dressed in 
the spring after shutting up for hay. The results obtained are shown in 
Table I, which also gives the available results for un -top-dressed hays from 
the same farms. The hay-fields which were top-dressed had not had copper 
applied in any form before and the un-top-dressed hay-fields had not at 
any time been top-dressed with copper compounds. 


Table I. — Copper Content of Hay top-dressed with Blctestonr (p.p.m. Ch in Dry 

Matter) 


Fftrni N(». 

Top-dreased Hay. 

Mean. | 

Cn-top-dresaed Hay. 

Menu. 

1 

5«7 

7-8 

13-8 

9*1 





2 

5-7 

7*5 


,6*6 

3-9 

5-1 

5*8 

4-9 

3 

4-9 

. , 


4-9 

4-1 



41 

4 

11-6 



11-6 

4*1 



41 

6 

6-.3 

6-7 

7-7 

6-9 

4-3 



4-3 

Mean . . 


7*8 




4-(5 




The results show considerable variation in the effect of top-dressing with 
bluestone. In some cases there was very little increase in the copper content 
of the hay, whereas in others a marked effect was produced. The mean 
results for ten top-dressed hays was substantially higher than the mean for 
six un-top-dressed hays, which would suggest that, on the whole, the practice 
of top-dressing hay crops would increase the copper supplied to stock in this 
fodder. 

Effect of Top-dressing with Copper on Botanical Composition of the 
Herbage. — Observations were made to determine whether the application of 
copper compounds as fertilizers had any effect on the botanical composition 
of the pastures. 

It has already been stated that the pasture on some of the farms where 
peat scours occurred contained about 60 per cent, of Yorkshire fog, with 
perennial rye-grass, white clover, and sometimes paspalum and other grasses 
making up the remainder of the pasture. On other “ peat scours ’’ farms 
the pasture was predominantly rye-grass and white clover. Repeated top- 
dressings for two or three successive years have not materially altered the 
botanical composition of these pastures. On one farm where, in the past, 
newly sown rye-grass very rapidly gave place to Yorkshire fog, there has been 
a tendency, after top-dressing with copper, to maintain a greater proportion 
of rye-grass for long periods. Circumstances made it possible for only a 
very few observations of this effect and the results cannot therefore be very 
oonfideutly stated. 
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On the Waitakaruru area a very definite effect of copper was manifested. 
Prior to top-dressing, these areas had a pasture composed almost entirely of 
Yorkshire fog and Lotm ma/jor. The area top-dressed with 20 lb. Cuprox 
and 2 cwt. lime (see Fig. 5a) and the ar6a top-dressed with 5 lb. bluestone 
in 2 cwt. lime one year and 5d5 lb. bluestone in 2 cwt. superj)h(>sphate in 
the second year now contain approximately 40 per cent, of perennial rye- 
grass and white clover. The improvement in this area in contrast to the lack 
of effect on the areas discussed in the previous })aragraph may be associated 
with the fact that Waitakaruru was much more deficient in (topper, the 
average content in untreated pasture being 3*6 p.p.rn., com])ared with 
7'1 p.p.m. from “ })eat scours areas. 

Another feature at Waitakaruru was the establishment of the common 
Scotch thistle (Cirsiuni lanceolatum) on top-dress('d areas. This was parti- 
cularly noticeable, as top-dressed areas grew a heavy crop of this thistle, 
whilst completely surrounded with un-top-dressed areas growing very little 
thistle. A similar jihenomenon was noted on the plots, where there was on 
adjacent small plots a differential rate of establishment of thistles. This 
varied directly in proportion to the amount of co})per that had been applied 
to the plots. A count of the thistle population was made, and the figures, 
together with the rate of copper top-dressing, are shown in Table II. 

TABLK 11. — (^OMVARISON OF ThISTLE ESTABLISHMENT AND RaTK OF ( 'oFPER ToP-DRESSINO 


IVipper Top-drcMslnK (HouikIh { Number of 'J’hlstle Plants 
per Acre) per 5 ^,, Acre. 


Nil 

1 

5 Bluestone . . . . j 

5 

10 „ ., .. 1 

7 

20 „ 

15 

40 „ 

17 

5 C’uprox 

S 

10 „ 

15 


The figures for each acre in Table II are averages of a number of 
plots (in most cases eight) top-dressed in the same manner. Top-dressing 
was carried out ten months earlier and the thistle counts were mad(» in 
February, 1944. 

The phenomenon did not occur in the autumn of 1945 or 1946. 

The only explanation that has been advanced by botanist colleagues is 
that the thistle is a plant which requires high fertility in the soil and that 
the provision of copper supplied an element necessary for its establishment. 
Analyses of thistle in the rosette and seeding stage collected from an area 
not deficient in copper show that they contain approximately one and a half 
times the copper content of pastures growing on the same area. It seems 
probable, therefore, that a high storage requirement for copper does not 
explain the readier establishment on top-dressed areas. The appearance of 
thistle on developing peat land is regarded favourably by practical men 
and taken as an indication that the land is reaching a stage in its develop- 
ment that is suitable for sowing better grass mixtures. 

The use of copper as a fertilizer, then, does not greatly affect the nature 
of the pasture plants on peat land that is only moderately deficient in copper. 
On more deficient land the establishment of perennial rye-grass and white 
clover is favoured, and shortly after the fertilizer has been applied there is 
sometimes a heavy growth of Scotch thistles (Cirsium lanceolutinn). 
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Discussion 

The results given above show that the use of copper compounds as 
fei*tilizers causes an increase in the copper content of pasture grown on peat 
soils or on clay soils. This response occurs when bluestone, a salt of copper 
soluble in water, or when Cuprox, an insoluble salt, is employed. Most of 
the work has been concentrated on bluestone, as this is the cheapest and 
most readily available source of copper in New Zealand. Much of the work 
was carried out on small plots acre in area, but the general validity of 
these results has been established by their similarity to results obtained from 
fields top-dressed at the same rates. It is, in fact, true that the plots indicate 
more faithfully the effect of copper when it becomes washed into the soil, 
since the plots were closely grazed after each sampling and therefore the 
copper content of successive pasture samples represents the coj)peT that 
has been taken up by the plant in making new growth. Samples collected 
from fields, especially those lightly grazed, may be affected for some months 
by copper which adhered to the plant when the top-dressing was applied. 

The results show that a response is elicited by as little as lb. bluestone 
per acre, but that 5 lb. per acre raises the level of pasture copper to approxi- 
mately normal, values on all the deficient areas studied. There is no 
appreciable difference when bluestone is applied in conjunction with agri- 
cultural lime and when applied with lime, superphosphate, and potash. 

The importance of the results is in the bearing they have on the control 
of copper-deficiency diseases in stock kept on peat lands(4, 5). Other work 
has shown that these diseases are controlled when the cop})er content of the 
pastures is brought to normal values— -i.c.. in the region of 10 to 12 p.p.m. 
of capper in the dry grass. The results from different rates of top-dressing 
show that this is effected best by the use of 5 lb. bluestone per acre. The 
absence of any major difference when bluestone is applied with other 
fertilizers means that the normal routine of farm top-dressing need not be 
greatly disturbed in employing copper as a fertilizer. It can be ai)plied 
mixed with agricultural lime or with superphosphate or even alone. Its 
successful use with super})hosphate has led to the manufacture of a ready 
mixed copperized superphosphate the use of which avoids the labour of mixing 
on the farm. The fact, too, that autumn top-dressing has a better effect in 
sustaining the level of copper in the pasture is most suitable so far as farm 
practice in New Zealand is concerned, since most top-dressing is carried 
out in the autumn. 

From the fact that higher amounts of bluestone — in particular, 20 lb. 
per acre — exert an effect that persists for two years or more, it might be 
argued that it would be more economic of labour to employ this means of 
restoring the copper status of the soil to normal. It is felt by the authors, 
however, that a routine should be established in which a certain correct 
amount of copper is applied each year. Establishment of an annual routine 
ensures that copper will be applied ; a plan which provides for top-dressing 
every three' years might not be faithftilly adhered to and might lead to 
forgetfulness of the time for a fresh top-dressing. This is important, as the 
stock-diseases which it is the purpose of^the copper to prevent are insidious 
in onset and there may be considerable loss of production and deterioration 
in health before the diseases become clinically recognizable. Correctness of 
amount implies the minimum, and thus the cheapest quantity which will 
muiutain the copper content of the pastures at normal levels and which 
will not lead "to accumulation of copper in the soil, with the attendant risk 
of iug^h copper content of pastures. An annual rate of 5 lb. copper sulphate 
p0r a<^re fulfils all these requirements. It has been shown in practice to be 
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effective in preventing stock-diseases, it is cheap, and there appears to he no 
danger of copper accumulation in the soil. Justification for the last statement 
is derived from the fact that there is no evidence of any such accumulation 
after the third annual to])-dre8sing with 201b. per acre. The inference is 
that 5 lb. per acre would be safe for many more years. This question of 
possible accumulation is still under investigation and areas will he top- 
dressed annually for some years in order to determine whether anv danger 
can occur. 

It is of some interest that similar amounts of copper fertilizers have a 
more persistent effect on j)eat soils that are deficient in copper than on a clay 
soil that is normal in cop})er content. The small effect that was produced on 
the Wallaceville clay is of importance in extension work regarding the use of 
copper for top-dressing. It indicates that no dangerous amount of copp<*r is 
likely to occur in pastures grown on soils normal in coj)per content and which 
are mistakenly treated with copper fertilizers. 

Top-dressing hay-fields with bluestone was shown to increase the copjjer 
content of the hay to a small extent. Hay from cop{)er-deficient country is 
lower in cop})er content than hay from normal country. It is of some 
importance that a normal aiiiount of copper should he supplied in the hay. 
The developing foetus makes its final grow’th in the hay-feeding season, and 
the mother also should build up a reserve of copper to prepare her for the 
sjiring, when the tend(*ncv for the occurrence of ])eat scours is greatest. 

The use of cojiper-containing fertilizers has been shown to increase the 
copper content of deficient pastures to amounts that are sufficient for the 
needs of farm stock. The question of the effect on plant growth w’as also 
considered. The copper fertilizers did not affect the herbage in any adverse 
manner. Co})per sulphate mixed with lime or other fertilizers had no harmful 
effect on pasture : even copper sul})hate alone had no harmful effect when 
ap])lied in small quantities, though a rate of 50 lb. per acre did jiroduce a 
negligible amount of s})Otting or burning on the leaves of plants. Subsequent 
growth, how^ever, was not affected. There was, on the other hand, a favour- 
able influence of copper on the establishment of better grasses such as 
perennial rye-grass and white clover on very deficient laiul. This effect 
was not marked on less-deficient land, and on such land did not extend 
beyond prolonging the jieriod during which newdy sown rye-grass resist(»d 
replacement by Yorkshire fog. No detailed study of the effect of copper on 
species composition of pastures was attempted, but the oKservations made 
are commented upon, as they indicate the possible value of copper fertilizers 
in developing copjier-deficient lands. 

Aoknowleihsment 

The writers are indebted to Mr. A. L. Bryant for the prejiaration of the 
graphs. 
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THE POLAROGRAPHIC ESTIMATION OF ASCORBIC 

ACID IN MILK 

By Dawn R. Perrin, Dairy Laboratory, Wallaceville, and D. D. Perrin, 
Animal Research Station, Wallaceville, New Zealand Department of 
Agriculture 
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Summary 

The polarograph can be used for the estimation of ascorbic acid in solution 
by measurement of the height of the diffusion-current curve. For solutions of 
low ascorbic acid content, such as milk, the addition of a small amount of a 
copper salt provides a reference curve, the measured differences between the 
two curves being the “ step-height ” of the ascorbic acid present in the 
solution. Comparative experiments with the titration method show satisfactory 
agreement. The technique described is probably applicable to other biological 
fluids. 

Introduction 

The polarograph may be used for the estimation of substances that are 
electro-oxidizable or -reducible in solution. The substance to be determined 
must be in true solution and is electrolyzed between two electrodes, one of 
which consists usually of fine drops of mercury falling from a capillary placed 
in the solution. When a gradually increasing voltage is applied to the 
electrodes and the resulting current- voltage curve is plotted, a typical curve, 
described generally as a “ step,” is obtained. This method has been ap])lied 
to the determination of many organic substances containing groups capable 
of oxidation or reduction. 

Ascorbic acid, in acid solutions, undergoes electro-oxidation, giving a 
well-defined diffusion -current curve. It was therefore thought worth while 
to attempt the polarographic determination of ascorbic acid in milk, to 
aaeertain whether the results obtained would be comparable with the values 
yielded by a titration procedure such as that of Kon and Watson(6) or of 
Harris and 011iver(3). In brief, this method consists of precipitation of the 
milk j)rotein8, and titration of a portion of the filtrate with sodiun\ 2 : 6 
dichlorophenol-indo phenol solution. A recent article(2) describes the 
polarographic estimation of ascorbic acid in vegetables and fruit juices, but 
the level of ascorbic acid in milk is very much lower than in these materials, 
so that the technique described is not immediately applicable. Also, the 
chloride-ion concentration in milk is such that the chloride vstej) interferes 
over the range of pH used for vegetables and fruit. Because hydrogen-ion 
is a component of the electrode reaction, the ascorbic acid step depends on 
the pH of the solution, the relation being Ej=Eo— 0*06 pH, and it is 
possible to avoid the chloride step by having the pH of the solution above 
about 5*6. However, with almost all buffers the oxygen step would then 
interfere, necessitating removal of air, but, for a reason not yet understood, 
potassium hydrogen phthalate-sodium hydroxide buffers displace this wave 
to more negative values, and we have found that reproducible steps can be 
obtained for ascorbic acid by operating with the pH of the milk solution 
adjusted to 6*0, the molarity of phthalate in the final solution being 0*05. 
A detailed description of the methods established and recommended is 
given below. 

Instrument 

In view of the simplicity and cheapness of the manual polarograph, a 
brief description is given of the instrument constructed in this laboratory 
and used for the ascorbic acid estimations. All polarographic circuits are 
]^undamentally similar, and consist of a continuously variable potentiometer 
to supply the voltage across the electrodes, together with a current 
measuring device, usually a long-period galvanometer, in series with the 
electrodes. Figure 1 is largely self-explanatory. For R3, R^, and R# 
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equal lengths of Constantin wire are cut ; R#, is also wound from this wire, 
but a finely wound radio potentiometer would be satisfactory. The initial 
adjustment of the apparatus is made by setting R, and R2 so that the 
voltmeter gives full deflection when the voltage across R^ is 1*()00 as 
measured by the millivolt scale of a pH meter. In subsequent operation 
R2 is fixed and R^ is adjusted as required to keep the voltmeter set to full- 
scale reading. A dial fitted to R„ is then calibrated using a pH meter to 
read from 0 to I’OOO volts. The voltages across R., and R5 are measured 
in the same manner, the former being 0*980 volts because of the parallel 
circuit through the voltmeter and R^. The galvanometer has a period of 



H*ctrod€t. ^ihanomikc 

Fuj. I 


Voltmeter . , a-5<M) nikTo>Amiiieter. 

(Galvanometer I .eeilR ami Northrop, tyiH* N. 

K| o -l<H> ohm variable resista nee. 

It^ 0 2,000 ohm Anrlnble resistnnee. 

Ril, Ks , . Matched, 20 ohm reRistam^eh. 

He . Slightiv greater than 20 ohm, variable resi^tanre. 

«7 0-2,000 ohm variable reHiHtance. 

S, . . Switch. 

Sj . . . Polarlty-reNcraing bwltch. 


three seconds and a sensitivity of 0*(X)26 microamp. }>er millimeter, but is 
slightly overdamped to decrease the oscillation of the light beam during the 
growth of the mercury drops. The capillary electrode has been constructed 
by drawing out a piece of fine thermometer tubing, its characteristics being 
m J f ^ ^ 1*63, where m is the mass of mercury falling in milligrams per 
second, and the drop-time, == 2*00, the measurements being maile on open 
circuit at o. in 0*1 N-potassium chloride solution saturated with air. 
Corrected for back pressure the height of the mercury column used is 109 cm. 
Using this electrode, the step height which has been found to be linear with 
concentration is approximately 0*080 microamp. for 1*0 mg. of ascorbic acid 
in 100 ml. of milk at 18..± 0*5° c. 
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PoLAROGRAPHTC METHOD 

A buffer solution is prepared by adding 14 ml. of 1*30 N-sodium hydroxide 
to 100 ml. of 0*2 N-potassium hydrogen phthalate saturated with thymol as 
preservative. To 10 ml. of whole milk in a 30 ml. beaker is added 4 ml. of 
this buffer, and the solution stirred to ensure thorough mixing. The beaker 
is placed in a bath at 1 <\ and the dropping electrode and a potassium 
nitrate-agar salt bridge are immersed in the liquid. The reference electrode 
is saturated calomel. Mean readings are taken at -- 0*02, + 0*07, and 
+ 0*08 volts. The reading at — 0*02 volts is subtracted from the average 
of the readings at -f 0‘07 and -}- 0*08 volts to give the difference, d. 
ReadingvS at both ()-()7 and 0*08 volts are taljeii in order to diminish 
experimental error ; for routine purposes either reading would probably 
be sufficiently accurate. After adding 0-2 ml. of 0*4 per cent, copper 
sulphate solution to the milk-buffer mixture, it is stirred and left for 
several minutes, the ascorbic acid being completely destroyed within five 
minutes. The readings are then repeated and the difference, d, obtained 
as before. The change in this value gives the step height of the ascorbic 
acid curve, so that the ascorbic acid concentration of the original milk sample 
can be read from the standard graph, which is prepared by adding known 
amounts of ascorbic acid to milk and measuring the resulting change in d. 
A small “ blank ” of 0*07 mg. ascorbic acid per 100 ml. has to be suVUracted 
from this value to allow for the effect on the residual current of the addition 
of the copper sulphate solution. The magnitude of this correction has been 
confirmed both by extrapolation using varying amounts of copper, and by 
irradiation in sunlight. 

It is necessary to take care that the dropping electrode remains clean, 
otherwise dropping becomes irregular and faulty readings are obtained. A 
warm solution of sodium metasilicate has been found to be efficient for 
this purpose, the electrode being cleaned after about six samples have been 
analysed, and rinsed with water between samples. 

Titration Method 

Since the estimation of ascorbic acid in milk is usually done by titration, 
the results obtained by this new polarographic method have been compared 
with those given by titration with 2 : fi dichlorophenol-indojihenol. A 
solution containing ()•()! mg, ]>er millilitre of the sodium derivative of this 
dye is made up, and when not in use this is stored in a refrigerator 
(40® K. to 45® F.). A fresh solution should be prepareil every eight to ten 
days. Even when kept in a refrigerator, the dye solution decomposes 
slowly, so its strength must be checked daily. The direct method consists 
of titration against a weighed small amount of ascorbic acid (the purity 
of which has been checked previously by titration against 0*01 N-iodine 
solution). It has been found that this procedure for standardizing gives 
good agreement with the iodometric methods using 0*01 N-sodium thio- 
sulphate(4, 5), and also with the method using Mohr’s salt (ferrous ammonium 
sulphate), providing the precautions specified by Stewart and Sharp(8) are 
carefully observed. The strength of the dye solution is calculated in milli- 
grams of ascorbic acid per millilitre of dye solution, enabling the ascorbic 
acid concentration of the sample to be readily assessed. Owing to the diffi- 
culties of directly weighing and titrating very small amounts of ascorbic 
acid, Stewart and Sharp’s method is preferable, especially as its end point 
is similar to that obtained in milk filtrates. 

For preparing a protein-free filtrate from milk, a solution of meta- 
phbsphoric acid is preferred, as it appears to have a stabilizing effect which 
prevents oxi^lation of the ascorbic acid{l). The 10 per cent, solution 
must be prepared each week and stored in a refrigerator. The procedure 
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for preparing the filtrate is as follows : to 15 ml. of 10 per cent, meta- 
phosphoric acid is added 15 ml. of whole milk. After thorough mixing 
and allowing to stand for five minutes, the mixture is filtered through a 
dry Whatman No. 1 filter paper (9 cm.h the initial portion of the filtrate, 
if cloudy, being passed once more through the same filter paper. Duplicate 
10ml. portions of the filtrate are titrated against the dye solution, using 
a 2 ml. micro- burette, until the pink colour obtained persists for thirty 
seconds — that is, till rapid fading ceases. The titration value is corrected 
by subtracting a blank value. 


Results 

To test the reproducibility of the methods used, replicate analyses for 
ascorbic acid were performed on a series of milk samples. The results 
obtained, as milligrams of ascorbic acid i)er 100 ml. of milk, are given in 
Table 1. The results by either method appear to be reproducible to 
approximately 0*1 mg. For all except two of the samj)les, agreement 
between the two methods is very satisfactory, and in these two cases 
(Nos. 2 and 4) the titration procedure gives significantly higher results. 
This may be due to the lack of specificity of the indophenol dye method, 
since this method is known to be unable to distinguish ascorbic acid and 
certain other reducing substances which may be present in some milks. 


'fABLE I. — (’OMPARISON (»K TiTRATION AND PoLAROGRAPHIC HesCLTS 
(A8CDrbi<' acid exprcHsed as milligrams per 1(K) ml. of milk) 


l)f*s(Ti[M urn of Stunple. 


Titration 

Methml. 


ANcrace. 


Polarojiiraph > 
Metiiod j 


Average. 


1. Raw milk, source jX, as available to 
consumer — 

(fi) 

('d 


Same as (h), plu.s lOp.p.ni. added 
ascorbic acid 

Same as (6). plus 20 p.p.ra. added 
ascorbic acid 


0-33 

0*39 

! .. 0-.38 

0 31 , 

(>•:« I 

y 0-33 

0-25 : - O-20 

0-33 1 

0 21 ' 

i 

1 

1 30 : 

l-.^O 

! 

2-35 1 

2-3» 1 

1 

i 

i 2-42 

2-41 . 2-41 

; 2-41 . ' 


2. Raw milk, source R, as available to 
consumer 


Same samplt? after two hours' ; 

exposure to sunlight on dull day j 
Same sample after thirty-six hours 
at 4“ c. 

II. Pasteurized milk, as available to 
consumer I 


Same sample after seventy -two hours 
at 4*" o. — 


4. Individual cow sample after forty 
eight hours at 4^ c. 


1-91 
203 
2 01 
2 05 
015 
017 


0-30 

0-30 

0-37 

0-30 

0-35 

0-31 


0«0 

0-57 

0-58 

0-56 


y 2-tM) 

] 

y 0 10 

1-45 

1 

j- 0*34 

J 

010 
0 13 

V 0-58 

J 


102 

104 

1-70 

0-20 

0-20 


; > 1.05 

♦ 4- 
1-’ 

i j 0-20 

i 1-4S 


0-37 . 

0-40 I 

0-20 i 


0-34 

0-30 

0-20 


^ 0-.30 


0 15 
Oil 

] 

0-30 
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The ascorbic acid content of milk from twenty-five individual cows was 
determined by the titration procedure within three hours of milking. The 
results obtained are inolud^ in Table II. Unfortunately, it was not 
possible to perform the polarographic analyses at the same time, but these 
and a further series of titrations were carried out after the samples had been 
stored in brown bottles for forty-eight hours at 4° c. The values given in 
Table II are of single determinations by both methods. Agreement between 
the two procedures is generally satisfactory, within the variability of the 
methods. The error in the polarographic method may perhaps be increased 
slightly by the ageing of the milk samples, which is accompanied by solidi- 
fication of the fat globules. It is of interest to record that the initial 
ascorbic acid content ranged from 1*03 to 2*21 mg., with a mean value of 
1*76 mg. per 100 ml. of milk, which is very close to the average value 
reported for bulk raw milk by Stewart and Sharp(9). After storage in the 
dark for forty-eight hours at 4° c., the ascorbic acid content dropped 
appreciably, ranging from 0*41 to 1*74 mg., with a mean v’alue of 1'16 mg. 
per 100 ml. of milk. 


Table II. — Ascorbic Acio Content as MruJORAMs per KK) ml. of Milk from 

In DIVIO CAL Cows 



Within 

After Korty-eiulit Hour-* at 4 r. 

Cow. 

'I'hrco Hours 
of Mitkin^' . 

Tit rat Ion 
Method. 

Titration 

Method. 

Polarographic* 

Methoci. 

Ada 

1-95 

1*21 

M2 

Beets 

1-77 

M2 

0-99 

Chloe 

1-66 

116 

1-27 

Dawn 

1-93 

1-54 

1 40 

Dinny 

2 06 

1-71 

1-69 

Hope 

103 

0-46 

0-.^>3 

iSis 

1-73 

1-50 

1-35 

Tina 

2-20 

1-73 

1*49 

2 

2-21 

1'.38 

ir>7 

7 

1-73 

1-24 

1*3.5 

8 

215 

1-58 

1*90 

11 

2 03 

1-44 

1*51 

12 

1-56 

0-53 

0-38 

13 

1-73 

1-49 

1-65 

14 

1-53 

1-24 

1-49 

16 

1*24 

0'26 

0*56 

El 

1-46 

0-58 

0-30 

E2 

217 

M6 

107 

E.3 

1-44 

M2 

0-98 

E4 

1-71 

1-31 

1-29 

E5 

1-49 

0*80 

0-69 

E7 

1-72 

109 

1*49 

E9 

1-29 

0-71 

0-51 

Ell 

1-68 

M2 

0-75 

FI 

212 

1-57 

1-50 


An increase in ascorbic acid content as determined by titration has been 
observed when milk samples are laboratory-pasteurized. To establish 
whether this effect was real or due to the production of interfering substances, 
a ^mall set of samples, heat-treated in various ways, was examined by both 
methods, giv4ng the results shown in Table III. Values by both methods 
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agree within the limits of error. The increments resulting from heat- 
treatment appear to be significant and are probably due to reduction of 
dehydro-ascorbic acid present, effected by reducing substances — e.g,, sulphides 
— produced by the action of heat on milk proteins. 


Table III. — Heat-treated Milks 


Method of Beating. 

Titration 

Method. 

Poinrosrraphir* 
Met iiod 

Bulk raw milk, unheatecl 

1 

0*97 j 

1 

0-73 

Laboratory -paHteurized by holding at 145 f. to 150 f. 
for thirty minutes 

0-8S I 

1 

1 0-85 

1 

Laboratory -pasteurized by flash process : heating to 
165‘ F. to 170 F. for thirty seconds 

1-20 i 

1 

103 

Laboratory -sterilized by standing in boiling-water bath 
for twenty minutes 

1-31 

1-36 


The actual level of ascorbic acid content of milk from each individual 
cow was found in most cases to be fairly constant over a period of several 
weeks, in which the samples were taken at intervals of a few days. This 
was observed using both polarographic and titration procedures, as indicated 
in Table IV. As these results were obtained from the milk of cows w^hich 
were in the same herd and which were sampled for analysis in the late 
summer when ample green fiasture was available, the level of ascorbic acid 
in the milk would apjiear to be an individual peculiarity of each cow. The 
levels are similar in range to those reported by Ray e/ a/(7). 

Table IV.-* .Ascorbic Acii» in Milk from I^M>lVII>UAL Coms, Repeat Samples 


Vow ArtcorhU* Millit?rani«* i»er KM) ml. of Milk 


Tina 

2- 10. 

2- 10, 

207, 

2 14, 

210. 213, 2-20. 

Dinnv . . 

2- 15, 

202, 

2-06. 



11 ‘ .. 

2-00, 

2-08, 

203. 



2 

1-79, 

1-87, 

2-00, 

2(»3, 

2-21. 

( 'hloe . . 1 

1 1-63. 

1-86, 

1 75, 

1-66. 


El 

1 1-47. 

1-41, 

1-50, 

1-46. 


12 

i 1-49, 

1-42, 

1 56. 



16 

Ml, 

1-29, 

1-27, 

1-4), 

1-24. 


Discussion 

Although the present investigation has been limited to ascorbic acid, as 
distinct from dehydro -ascorbic acid, there does not appear to be any reason 
why the polarographic method should not be employed to measure total " 
ascorbic acid, by regeneration from dehydro-ascorbic acid, either by the 
bacteriological method using B, coli, or by the chemical method with 
hydrogen sulphide (as may have happened to provide the results in Table III). 
The former method would have the advantage of being considerably more 
rapid than the latter, an important consideration with so unstabh' a substance 
as ascorbic acid, and an effort will be made to apply this procedure as soon 
as a sufficiently active bacteriological culture is available. 

For the estimation of ascorbic acid the polarographic method described 
here has several advantages over the titration method. The frequent 
preparation and standardizing of solutions is avoided once the calibration 
curve has been constructed, while the buffer solution which is used is stable 
There is also reason to believe that the polarographic method is more 
specific. 
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The use of added copper to provide a reference curve for the polarographic 
estimation of ascorbic acid appears to be original. Such a procedure is 
necessary because the ascorbic acid concentration is too low to be measured 
directly as a specific step on the curve for whole milk, and also because milk 
contains other substances giving polarographic steps over the range of voltage 
used. The addition of copper destroys the ascorbic acid and thus permits 
a second reading ; the difference between this and the first reading gives a 
measure of the ascorbic acid. For a substance to interfere in the deter- 
mination of ascorbic acid by the present method it must fulfil two conditions — 
first, part of its “ step should occur over the range of voltage used, and, 
second, it should either be destroyed by, or form an insoluble complex with, 
copper. With the exception of ascorbic acid, no substance fulfilling these 
conditions and present in milk is known to the authors, so the method appears 
to be specific for this vitamin. The most likely interfering substance is 
cysteine, but experiments have shown that this compound does not interfere. 
For example, in trials using 0*6 mg. of cysteine per millilitre of buffered 
solution the cysteine stej) was found to be affected by the addition of copper 
to the solution. The close agreement of results given by the polarographic 
and the titration method is further evidence that there are no interfering 
substances. 

In solutions which are strongly coloured, ascorbic acid cannot he deter- 
mined accurately by the use of the sodium 2 : 6 dichlorophenol-indophenol 
dye titration method. Further, many biological fluids are known to yield 
false values, due to interfering substances which also reduce the indophenol 
dye. This is due to the inability of the indophenol method to distinguish 
accurately between a number of oxidation-reduction systems which include 
that of ascorbic acid. All systems with a rexiox potential equal to or less 
than that of the ascorbic acid - dehydro-ascorbic acid system are included in 
titration or colorimetric methods which use sodium 2 : 6 dichlorophenol- 
indophenol. There is good reason to expect that, with very slight modifi- 
cations, the polarographic technique described could lie adapted for the 
estimation of ascorbic acid in biological fluids, such as those referred to, where 
the indophenol dye titration method is unreliable. Polarograms have been 
reported in the literature using volumes of less than ()*()5 ml., so that an 
additional advantage of this method is the small sample required. This is 
because the “ step ’’ height is dependent only on the concentration of 
ascorbic acid and not on the volume of solution. 
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THE ESTIMATION OF COPPER IN CREAM 

By G. C. DeAth, F. Ruth Lightfoot, and G. M. Mom, Dairy Division 
Laboratory, Department of Afijriculture, Wallaceville 

[Received for puhlication^ 29ih July, 1946 \ 

Summary 

To enable the determination of copper in cream, the filtration method 
devised for butter has been suitably modified. Improvements have also been 
made in the wet-ashing method. The technique for applying these methods 
to cream samples is described in detail and figures are given showing close 
agreement between the two methods. Tables of results are given to demon- 
strate the value of these methods for enabling copper contamination of cream 
and butter to be detected and eliminated. 


IXTRODUrTION 

In 1940, details of a new filtration method for estimating the co])per content 
of Imtter were }mblished(6), together with evidence that the results which 
it yielded were in good agreement with those olitaiued by a modified wet- 
digestion method. The success achieved with this simjilifitMl filtration 
method led to a desire to apply it to the determination of cojiper in cream. 
From time to time Dairy Instructors have been in doubt about the precise 
origin of excessive amounts of copper found in butter, so that analyses of 
cream for copper content were necessary to provide them with further 
information. In a butter-factory, contamination with iron does not often 
occur, but copper readily gets into the cream from untinned copper and bras.> 
fittings. The estimation of cojiper in cream was therefore given first 
attention, while the determination of iron was left for later study. The 
methods which have been established after much experimental work are 
set out below. 


Dairy Factory Layout 

To enable details of sampling points for cream to be better understood, 
a brief description of the layout and o^ieration of butter-factory machinery 
seems worth while. On arrival at the factory the cans of cream, after 
grading and weighing, are tipped into neutralizing- vats having a capacity 
of 200 to 600 gallons. The neutralized cream is pumped through the 
pasteurizing-machine, and thence to the top of the coolers, over which it 
gravitates. From the bottom of the coolers it is again jiumped into 
refrigerated vats, where it is kept cold overnight. Next morning the cream 
in the vats is stirred and pumped into the chums. 

The copper content of the cream on arrival at the factory is usually 
quite low (0-10 to 0*15 p.p.m.). A little of this may come from untinned 
brass piping about the milking-machines, or from copper coolers the tinning 
of which has become worn, but the use of tinned steel cans does not 
increase the amount in transit. If tinned copper neutralizing-vats are in 
use, bare copper is often visible; the tin coating may be worn off parts 
of tinned copper coolers and distributing-trays, while brass piping, and 
especially pumps, often show substantial untinned portions. 
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The refrigerated holding-vats formerly used for keeping the cream at 
a temperature of 40® f. to 50® f. overnight were of the long rectangular 
type with D-shaped cross-section made of tinned copper, from which 
cleaning operations frequently abraded some of the tin coating. During 
the last ten years in many of the largest factories, as well as in some 
smaller ones, these D-shaped vats have been replaced by tall cylindrical 
vats of stainless steel The D-shaped vats are still retained in some cases 
as a standby or for holding lower-grade cream. Many factories still use the 
two-stage pasteurizer of tinned copper, through which the cream is forced 
by rotating beaters, but in others a new type of machine known as the 
vacreator has recently been installed. This is made almost entirely of 
stainless steel. Other equipment of stainless steel for coolers and piping 
has been introduced to a more limited extent, so that the opportunity for 
contamination of cream with copper is now appreciably less than formerly. 
Nevertheless, examples can be quoted to show that even when a factory 
plant is almost entirely made up of stainless steel very serious copper 
contamination can still occur. 


Des(^ription of Methods 
t^amplitig 

For procuring samples of cream from dairy factories which have 
persistently shown high figures for copper in their butter, 8 oz. to 10 oz. 
bottles are specially prepared by treating them with chromic or nitric 
acid, followed by rinsing with glass-distilled water. Rubber 8top})ers for 
these bottles are soaked for an hour or two in dilute (5 per cent.) nitric 
acid. To each bottle is added I ml. of 35 per cent. Analar formaldehyde 
solution as a preservative. So that a clue may be obtained as to the 
source of the copper contamination, these samples are taken at certain 
definite points — e.^., after the pasteurizers, after the coolers, from the 
delivery pipe to the cold vat or to the churn. Samples of cream are 
sometimes rather variable in composition, due to added water. Prior to 
running the cream through the pasteurizers it is customary to set the 
machinery in motion and run water through the plant in order to attain 
the desired pasteurizing temperature. This water circulates over the })lant, 
so that the first sample obtained at the beginning of operations may contain 
only 5 per cent, to 10 per cent, of fat. Succeeding samples taken at the 
same point become progressively richer until finally whole cream is obtained 
(about 40 per cent. fat). At the end of the pasteurizing operations a certain 
amount of water is also used to rinse cream off the machinery, and this is 
usually run into the cold vat. Consequently, samples obtained the 
following day from the tap at the bottom of a tall holding-vat, before its 
contents have been stirred, may be quite watery with little fat, but with 
appreciable amounts of milk protein. Thus any method of analysis for 
copper in cream must be generally applicable to these various types of 
samples. 


Reagents required 

Glass-distilled water is necessary for washing apparatus and for 
making up solutions. All glassware, after thorough cleaning, is rinsed 
with nitric or chromic acids, followed by glass-distilled water. To reduce 
the blanks to a minimum, the principal reagents, except sulphuric acid 
ai^d hydrogen peroxide, are purified. By testing available supplies, the 
purek ammonia, having a copper content less than 0*05ftg per millilitre. 
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is selected. During the preparation of reagents and at all later stages 
care must be taken to ensure protection from contamination by dust 
particles, which may include minute fragments of copper. 

Hydrockhric Acid (C.B. — i.e., approximately Constant-boiling Point). — 
Prior to distilling, commercial hydrochloric acid should first be diluted 
with water to specific gravity 1*12, a little higher than the figure for 
C.B. acid. 

Nitric Acid (Concentrated and 5 per cent. Solution). — Prepared by 
distillation of commercial nitric acid, using an all -glass still. 

^\ilj)huric Acid, concentrated, Arialar. 

Trichloracetic Acid (20 per cent, and 5 per cent. Solutions). — Made from 
acid which has been distilled in vacuo. 

Hydrogen Peroxide, 30 per cent, solution. 

Sodium Tungatate (10 per cent. Solution). — Purified by adding a few 
milligrams of sodium diethyl-dithio-carbamate followed by three or four 
extractions with amyl acetate in a separating funnel. 

Sodium Citrate (20 }H»r cent. Solution).- -Purified as for sodium tungstate 
solution. 

Ammoma Solution, S.G. 0*88, of low co})per content. 

Sodium Diethyl-dithio-carlmmate. — 0*2 per cent., stabilized with 10 ml. 
of ammonia per 100 ml., as recommended by Clare et al(Z). Kept in a brown 
bottle and renewed after three weeks. 

Im-amyl Acetate . — Following the recommendation of Drabkin(4), i.so- 
ainyl acetate (B. Pt. to 14(Pc.) was found ])referable to iso-amyl 

alcohol for extracting the copper carbamate colour. Lower boiling-point 
solvent should not be used, as it is not the ?,.s’o-amyl acetate. 

Standard Copper 0*3928 g. of copper sulphate (Analar) are 

weighed out and made up to 100 ml. with glass-distilled water, two or three 
drops of concentrated sulphuric acid (Analar) being added to prevent the 
formation of insoluble basic copper sulphate. From this solution 
1 ml. ~ 1 mg. Cu) further dilutions are made up ; (a) 1 ml. -■ 0*1 mg. Cu ; 
(6) 1 ml. “ 0*01 mg. Cu ; (c) 1 ml. “ 0*001 mg. Cu. 


Fi It rat i on Method 

Prior to weighing out, the bottles containing the samples of cream are 
placed in a water- bath at 30° c. to 35° ('. for ten to twenty minutes to soften 
the fat and then shaken gently or inverted a number of time.s to mix 
thoroughly. With samples ,of high fat content, especially if tht‘ liottles 
have been filled rather full, careful stirring is oft^n needed to obtain a 
homogeneous sample, but care must be taken not to churn the cream 
by too vigorous shaking. When several portions are required for one 
sample they should be all weighed out on one occasion, as subsequent warm- 
ing and remixing may not give representative portions. After washing the 
top of the bottle and the outside of the rubber stoppers first w^ith a .swab of 
cotton-wool moistened with dilute acid, and then wdth w’arm glass-distilled 
water, the stopper is removed and 25 g. portions of the w^ell-mixed cream 
are weighed out, by means of a wide-mouthed pipette, into numbered 
centrifuge tubes with capacities of at least 50 ml. (The size of the tubes 
is governed by the centrifuge available. A 50 ml. Pyrex tube about 
4J in. by in. diameter has been used, but a tube approximately 4| in. by 
IJ in. diameter, capacity about 105 ml. is preferable.) 
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Cream differs from butter in requiring the emulsion to be broken before 
the fat can be readily separated from the aqueous phase, so each sample 
must be churned as was done by Barnicoat(l) in making small experimental 
lots of butter. To facilitate churning and also to ensure extraction of copper, 
2 ml. of hydrochloric acid (C.B.) should first be added (1 ml. of nitric may 
be used instead.) 

After closing the tubes with smooth acid-washed rubber stoppers, they 
are chilled in ice for an hour or more to harden the fat prior to churning. 
A number of tubes may bo placed in a power-operated mechanical shaker, 
but prolonged shaking after the butter has separated should be avoided. 
When properly churned, the sample should consist of a small compact lump 
of butter together with the resultant buttermilk. The tubes are cooled 
and, before opening, the lips and the outside of the rubber stoppers are 
carefully washed with glass-distilled water. The portion of the rubber 
stopper inside each is also rinsed, with a small amount of glass-distilled 
water, into the appropriate tube. 

The samples are then placed in a water-bath at 45^^ c. to 50" c. as in the 
method for butter. When the fat has melted, 2*5 ml. of trichloroacetic 
acid (20 per cent.) is added to each tube, which is then gently shaken. 
To each is added 1 *5 ml. of sodium tungstate solution, the tubes again 
being gently shaken, after which they are allowed to remain in the water- 
bath at 45" c. to 50" c\ for half an hour. The samples are then centrifuged 
at about 1,(X)0 to 1,500 r.p.m. for five to ten minutes to separate the fat, 
so that most of it can be drawn off by suction. In dealing with watery 
samples of cream or with buttermilk, more protein precipitant is required. 
For example, in one set of samples the protein content of a cream sample 
was 1*96 j)er cent., while the resulting buttermilk contained 2*97 per cent. 
])rotein. On this account the amount of 20 per cent, trichloroacetic acid 
was asually increased to 5 tnl. for buttermilk, or rather less for cream samples 
in which the watery phase was greater than normal. 

To solidify the remainder of the fat, the tubes are cooled (preferably 
by leaving overnight). The samples can then be filtered through wet 
filter papers (Whatman No. 40, 42, or 50) which have been previously 
washed with dilute nitric acid and glass-distilled water. Owing to the 
greater bulk of the protein precipitate from cream, larger filter papers 
(12*5 cm.) were required than in the case of butter.* 

To wash the precipitate, 2 ml. each of 5 jj^r cent, trichloroacetic acid 
and 5 per cent, nitric acid are mixed together in the centrifuge tubes and 
the rinsings poured over the precipitate, using a stirring-rod to direct the 
washings round the upper portion of the paper. Three such washings are 
usually sufficient. The precipitate then on the filter paper is given a 
final washing with 2 ml. each of trichloroacetic acid (5 per cent.) and nitric 
acid (5 per cent.), followed by about 5 ml. of distilled water. 

To each filtrate is added 5 ml. of sodium citrate solution (20 per cent.) 
and 1 drop of phenolphthalein indicator, followed by 0*88 ammonia drop 
by drop with shaking until a decided pink colour is obtained. The 
filtrates were then made up to the same volume, usually 50 ml., and 2 ml. 
of the carbamate reagent added. After adding 5 ml. of iso-amyl acetate, 
the tubes are placed in a water-bath at 55" c. to 65" c. for five to ten 
minutes prior to shaking twenty-five to thirty times. The acetate solvent 
usually clears more readily on staiidlng than the alcohol. 

* 6 in. by 1 in. Pyrex test-tubes are used to collect the filtrates, they may later, 

leaking, be closed with cellpphane-oovered rubber stoppers. Glass-stoppered 
tesi-tabet, B.S.S. No. 770, 1938, with stopper C. 19, are a valuable refinement. 
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WeJt-afihhig Method 

To duplicate 25 g. samples of cream contained in 105 ml. centrifuge 
tubes, 10 ml. of concentrated nitric acid is added. The tubes are then 
placed in a water-bath at 60"^ c. to 70"" (\ for ten to twenty minutes, while 
the contents are stirred every few minutes with L-shaped glass rods to 
break uj) the froth formed by the vigorous ev^olution of gas in the early 
stages of the digestion. As soon as possible the temperature of the water- 
bath is raised to near boiling-point and the samples allowed to remain 
therein for forty to sixty minutes with occasional brisk stirring. When 
gassing has almost ceased the samples are cooled in ice-water or 
preferably set aside overnight to allow the fat to solidify, after which the 
acid layer is poured or pipetted off into a 2(X) ml. Kjeldahl flask. (This 
modification of the procedure used with butter samples was ado])ted after 
discussion with Mr. W. H. Udy, wrho had found it an improv’ement on the 
benzoline extraction method formerly used in his laboratory by 
Williams(l()).) A further 2 ml. of concentrated nitric acid are then added 
to each sample, wdiich.is replaced in the W'ater-bath at 60" t\ to 65 ( ., 
where it is vigorously stirred several times. After ten to fifteen minutes, 
approximately 10 ml. of hot distilled water are added to each. When 
the fat has separated from the aqueous layer the latter is pipetted off* 
into the Kjeldahl flask. The fat is then w^ashed with 15 ml. to 20 ml. 
of hot glass-distilled w^ater, which is also pipetted off* into the appropriate 
Kjeldahl flask. 

The combined acid and aqueous washings are evaporat^ul down to 
5 ml. to 8 ml. and 1 ml. to 2 ml. of concentrated sulphuric acid added to 
each. Heating is continued until signs of charring begin to appear, wdien 
a further 2 ml. of concentrated nitric acid are added. This is repeated 
until the sample remains clear on strong heating, 5 ml. to 9 ml. of con- 
centrated nitric acid usually being sufficient to complete the digestion, 
provided the minimum amount of fat has been transferred to the 
Kjeldahl flask. If too much fat is present after 6 ml. to 8 ml. of nitric 
acid have been used, three to five drops of 30 per cent, liydrogen peroxide 
are added to faciluite digestion. 

When fumes of sulphuric acid begin to be evolved from the colourless 
liquid the heating is stopped, the flasks allowed to cool, and about 10 ml. 
of distilled w^ater added to each. This is gently boiled off* to ensun* 
removal of traces of peroxide or nitric fumes. The residual sulphuric acid 
and crystals are poured into the extraction tubes and the flasks rinsed 
wdth a few millilitres of distilled w^ater. To ensure the solution of material 
such as calcium sulphate which might adsorb traces of cot)})er(8), 3 ml. 
of constant boiling hydrochloric acid are added to each flask, and after 
heating almost to boiling the contents are transferred to the extraction 
tubes and finally washed out wnth hot distilled w^ater. 

After the addition of 5 ml. of sodium citrate (20 per cent,), a drop of 
phenolphthalein indicator is added to each extraction tube and the 
contents made alkaline, using approximately the same amounts of ammonia 
for each tube. The colour is developed with carbamate reagent. The 
liquid is then warmed, and extracted wdth iso-amyl acetate, as in the 
filtration method. 
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Final Estimation 

With each set of samples, blanks and standards are made up. The 
blanks should contain all the reagents, and must be treated in the same 
manner as the samples — i.e., in the filtration method, hearted and filtered 
to remove tungstic acid ; in wet-ashing, digested to boil off the nitric acid, 
&c. The standards should contain C.B. hydrochloric acid for filtration, 
and sulphuric acid for the wet-ashing method, together with the same 
amounts of sodium citrate, phenolphthalein, and ammonia as in the 
samples. The carbamate colour is extracted similarly with amyl acetate. 

For the comparison of the colour of the unknowns with the standards 
a Klett bio -colorimeter with micro-cups was at first used. Another simple 
and convenient method is based on the use of the Lovibond comparator 
disk for copper, graduated from 2*5 to 50/ig. On matching the disk with the 
test amyl acetate extract, the disk reading divided by 50 gives the copper 
figure directly as parts per million. Though not quite so accurate, this 
enables a series of readings to be quickly made. 

The most satisfactory and reliable method of measuring the colour 
is by means of a photo-electric absorptiometer. A simple instrument has 
been constructed, similar to that described by StrafFord(7). To provide a 
steady source of light a 6-volt secondary battery is connected to a 3-watt 
lamp (with adjusting rehostat). The light from this is passed through a 
round ICX) ml. flask containing copper sulphate solution (about 1 per cent, 
acidified with a little sulphuric acid). This acts as a filter to eliminate 
certain wave-lengths (especially infra-red, as recommended by Holton and 
Williams(2) ) and as a lens which brings the pencil of light to a focus. 
Thence the light rays diverge before reaching a Weston photronic cell, 
which is connected to a sensitive mirror galvanometer. At the focal 
point is placed a holder into which is slipped a tube containing the 
coloured solution. By using a pipette operated by a rubber teat the 
acetate extracts are transferred into a selected series of uniform tubes, 
which are placed in turn in the holder. The galvanometer readings are 
quickly taken, and by plotting a graph based on the standards the results 
can be obtained. With this absorptiometer the method used is sensitive 
to 0-()3gg of copper. 

A slight turbidity of the amyl acetate solution does not interfere with 
the use of the Lovibond comparator disk, but may cause the Klett 
colorimeter readings to be less reliable. For the photo-electric instrument 
clear solutions are essential and are usually obtained without centrifuging 
if the aqueous filtrates are warmed before shaking with acetate. 


Discussion 

In evolving these methods a considerable amount of preliminary work 
was done by E. D. Andre W8(6) during the investigation of methods for 
copper in butter, as already published. After many trials to ascertain the 
reason for various discrepancies which were encountered, close agreement 
between the methods was achieved by following the procedure described. 
As already mentioned, due care is needed in mixing the samples when 
weighing a series of portions, in the filtration method, owing to the larger 
proportion of protein arid other milk solids contained in cream as compared 
With butter, increased amounts of reagents are required. Up to 2 ml 
of ^20 per cent, sodium tungstate solution have been tried, but L5ml of 
10 per Chnt. is usually suflicient. Less may sufiice if the protein content 
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of the sample is low. Variations in the amounts specified of hydrochloric 
or trichloroacetic acids have not been found necessary, except for butter- 
milk as described earlier. 

Eden and Green(5) have stressed the importance of using sufficient 
citrate for the de-ionization of iron and the prevention of precipitation 
of phosphates from biological material. They also state that this process 
is enhanced l:)y ensuring adequate concentration of ammonium salts in 
solution, and recommend the use of ammonium citrate. However, 
satisfactory results have been obtained with 5 ml. of 20 per cent, sodium 
citrate, as suggested by Tomp8ett{9). When an appreciably higher 
amount was tried, no significant difference resulted. 

In the early comparisons the results obtained by the wet-ashing method 
were persistently rather lower than those yielded by the filtration method. 
To determine whether the nitric acid was removing all the copper from the 
fat, the latter was further extracted with 5 ml. of concentrated nitric acid 
at over 90° c., and again with another 2 ml. of the same reagent, and 
then washed with distilled water in the usual way. After allowing for 
blanks, only very minute amounts of copper were thus obtained (barely 
0*01 p.p.m.). Eventually, low wet-ashing results were considered to be 
due to appreciable residues of calcium phosphate and sulphate, which 
would remain soluble in the concentrated sulphuric acid : but on diluting 
to rinse out the flask a certain amount of insoluble material often appeared. 
This was probably calcium phoshpate and sulphate which would adsorb 
upon it appreciable traces of copper, as has been pointed out by Sylvester 
and Lampitt(8). Tests made upon calcium sulphate showed that it could 
readily be dissolved in strong hydrochloric acid, so the use of this was 
adofited to ensure the removal in soluble form of the salts left in the 
digestion flask. 

Low copper results were also found to be sometimes due to fading of 
the copper carbamate colour when the excess of hydrogen peroxide had 
not V>een removed. On the other hand, high copper results have been 
noticed, due to ferrous iron. This may give rise to a brownish colour in 
the acetate extract, but does not occur so readily if the iron is in the ferric 
condition. In some filtration trials where \ow results were obtained, further 
copper was recovered by carefully washing the residues from the filter 
papers into a series of Kjeldahl flasks and applying the wet-ashing method. 


Results 

The co})j)er content of samples of raw cream from various sources has 
only rarely been found to be below^ 0*10 p.p.m. Fifteen sani])les delivered 
by au})plier8 to different factories ranged from 0*1 0 to 0-14 p.p.m., with an 
average of ()-12 p.p.m. Eleven similar samples in the range 0*10 to 0*20 
gave an average of 0*18 p.p.m., but in the case of these, as well as of others 
giving still higher figures, copper wras probably picked u}> from milking- 
machines or coolers. Samples were procured from one factory which 
obtained its cream chiefly from several skimming-stations to which suppliers 
delivered their milk to be separated. The cream from these skimming- 
stations gave the following copper figures: 009, 0*10, 0-12, 0*13, 0*15, 
0-15, 0-43 p.p.m. (It is of interest to add the iron figures for these samples, 
which were respectively 0*65, 0*68, 0*89, 105, 107, L(X), ld5 p.p.m.) The 
last high copper figure was due to the excessive use of a chlorine sterilizing 
compound which had removed a great deal of the tinning from brass pipes 
and fittings in that particular skimming-station. 
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In the following tables are given some of the results obtained by the 
two methods from samples of different origin. The figures in Table I show 
that the cream initially is of low copper content and is picking up very 
little copper off the plant. The higher proportion of the copper goes into 
the buttermilk, leaving butter of quite low copper content. This suggests 
that when high copper figures are obtained for butter, the cream from which 
it was made must have contained more copper. 


Table I. — Samples of Low Coppkk Content 



Filtration Method. 

Method. 

P.p.in. 

9 

Avenijj:e. 

P.p.ia. j Average. 

<1) Cream from neutralizing- vat before 
pasteurizing 

(2) The same cream after pasteurizing 

and cooling 

(3) Buttermilk from the cream 

(4) Butter from the cream . . . . 

j 

1 

012 1 
0*12 
Oil 
Oil 
0-14 
0-15 
0-07 
0-07 

\ 0-12 
\ 0-H 
\ 0-15 
\ 0*07 

Olf) 

013 

013 

013 

0 15 
0L5 

\ 014 
\ 013 
\ 0-15 

1 

i 


Table II, —Comparison of Methods 


Ktltraition Method. 

Wet-aHhinir Mi‘tho»l 

P.p.ni. 

Average. 

P.p.in. 1 A^eragp. 


(1) First cream from receiving-vat 

(2) First cream flowing into refrigerated 

vat A 

(3) Later cream flowing into refrigerated 

vat A 


0-24 

0-23 

0-40 

0-49 

0-32 

0-28 


(4) First cream by-passed into refri- 

gerated vat B 

(5) First cream from vat A flowing into 

churn 

(6) Later cream from vat A flowing into 

chum 


0*36 

0-38 

0-16 

0-19 

0-18 

019 


0-23 

0-48 

0-30 

0-37 

0-18 

019 


0-22 
0-22 
0-46 
(>•50 
0-30 
0-30 
0-29 
0*3() 
()• 17 
017 
019 
019 



I 


In Table II the two methods gave good agreement, except in the case 
of sample No. 4. In the receiving-vat, neutralizing with bicarbonate of 
soda is often carried out, so that the tinning is gradually worn off the copper 
in the bottom of the vat. While the vat is standing empty, corrosion of 
the copper occurs and the resulting corroded material would be dissolved 
by the acidity of the first cream tipped ^nto the vat so as to give rise to 
the higher initial copper content shown in sample 1, as compared with the 
lower copper content of the bulk cream revealed by samples 5 and 6, which 
evidenl^ did not pick up much copper in flowing from the vat to the churn* 
Lack hi jbinning on the pasteuzizing and cooling equipment was responsible 
for d;he hi|fher figures given by samples 2 and 3* The same effect is to be 
seenfftom tha results in Table III* 
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Table HI.—Oompabison of Metro os 

Filtration Method. Wet-ashinji Method. 

P p III. Averatre. P.p.in Avertige. 


( 1 ) Sample of first gallon from pasteurizer 

(very watery) 

(2) Sample of first 5 to 10 gallons from 

pasteurizer (watery) 

(3) Sampled after .50 to 100 gallons had 

flowed from pasteurizer 


111 Table IV lack of tinning also accounts for the high figures in the 
first three samples. When procuring these samples the idea occurred to 
Mr. I). Hull, Dairy Instructor, to take a sample from the large brass tap* 
fitted to the vat. Within this tap was a large cavity in which some of the 
first watery liquid to flow over the fdant had remained undisturbed over- 
night. The copper content of this proved to be very high. Later 
on, arrangements were made to have the ta)) dismantled and returned, 
after which a similar sample was taken, the results of which are also shown 
in the table. Retinning elsewhere also enabled the improved figures for 
No. (5) to be obtained. These results point to the value of discarding a 
gallon or two of liquid from the bottom of the cream -vat before beginning 
to pump to the churn. After standing overnight a portion of the water which 
has been added to the cream in various rinsing operations usually separates 
at the bottom of the vat, and this can readily be run off without loss of 
fat prior to stirring the contents of the vat and pumping the cream to the 
churn. High copper figures, I to 6 p.p.m., have repeatedly been obtained 
in sanifiles of this licpiid taken from different factories, e.g., Table V, sample 
(5). 
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In Table V are given figures for samples from another factory which were 
analysed by both methods with very good agreement. Further samples 
were procured from this factory and gave the following results (p.p.m.), 
which are the average of duplicates by filtration. The raw cream was again 
high, 0*37. The first watery sample from the cold-vat tap gave 4'4. After 
this, successive 2-gallon portions were drawn from the tap, and samples 
from these gave the figures respectively 0*61 , 0*42, 0*49, 0*42. A sample 
after fully 100 gallons had flowed gave 0*40. The buttermilk was 0-57, 
while the butter gave the figure of 0*12, which was lower than might have 
been expected. 

Table V.— Results by Different Methods 

Filtration Method. Wet-washing Methtxi. 
P.p.m. Average. P.p.in. Average. 


(1) Raw cream ex receiving- vat .. 0*38 

0-38 

(2) Pasteurized cream, from first gallon 0-46 

entering cold vat (very watery) 0-45 

(3) Pasteurized cream, after 20 to 30 0*46 

gallons had flowed into cold vat 0*42 

(4) Pasteurized cream, after 80 to 100 0*36 

gallons had flowed into cold vat 0*34 

(5) First portion from cold -vat tap 6*6, 6*3 

(watery) 5*6, 5 -.5 

(6) Sample taken at chum while first 0*36 

cream flowing in 0*38 

(7) Sample taken at chum after 20 to 30 0*34 

gallons had flowed 0*33 

(8) Sample taken at chum after about 0*34 

200 gallons had flowed 0*36 

From a factory which usually had a low copper content in its butter 
a sample was on one occasion received with a much higher figure. On 
inquiring about this, the following report was received from the Dairy 
Instructor : “ The butter in question was made from second-grade cream 
and can-steamings and prior to churning was stored in a copper-lined 
rectangular direct expansion vat, showing some bare copper.*’ In another 
case where high copper figures were obtained the Dairy Instructor found on 
inspection that most of the tinning had disappeared from the copper tray 
at the top of the coolers which received the hot cream from the pasteurizers. 
Elsewhere there was also bare copper to be seen. 

Finally, details may be given of a very striking case where the origin 
of the copper contamination in a certain factory puzzled experienced 
Instructors. Interspersed with lower copper figures, rather high results 
were yielded by occasional butter samples from this factory during a jieriod of 
three or four years — 008, 0*45, 0*41, 0*22, 0*14, 0*07, 0*14, 0*13, 0*16, 
0*50, 0*25, 0*18, 0*73, 0*45, 1*70 p.p.m. The Dairy Division’s London 
Inspector reported that in a faulty box of butter made by this factory a 
white tallowy portion was found to have a copper content of 25 p.p.m., 
while the adjoining normal butter gave a figure of 0*3 p.p.m. Another 
box examined at the same time-had 0*6 p.p.m. of copper. Latterly when 
hj^er figures became more noticeable, senior members of the Dairy 
jC^riskm’s staff expressed surprise at the possibility of serious copper con*- 
in that factory aa nearly the whole of its plant was made of 
stisdsilM iMi, and a check-up on the cream supply was suggested to find if 
copper OjOming from farm utensils. Before doing this, samples of cream 
from varioJik pptrts of the plant were procured and Yielded the results riven 
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in Table VI. While these samples were being analysed, another sample 
of butter gave the extraordinarily high result of 1*70 p.p.m. Further 
samples were then procured by an Instructor who had previously searched 
the plant for bare copper. The results, are given in Table VII. The three 
water samples had been lying in the respective gun-metal pumps for over 
twenty-four hours. Prior to taking the cream samples, water was flushed 
over the plant for about twenty minutes. This served to remove thoroughly 
the copper contamination which was originating apparently from the 
gun-metal pumps of the vacreator. Since this practice of a thorough pre- 
liminary rinse with water has been maintained, further samples of butter 
have vielded much more satisfactorv copper figures, as follows : 0*10, 0*11, 
0-11, (K)8, 0-08, 0-09, 008, 0-09, 0-13, 010, 0-13 p.p.m. 


Table VI. — Stainless-steel Eqcipment and Copper Contamination 


(1) Raw cream from receiving-vat 

(2) First cream into holding- vats (very 

watery) 

(3) (Yearn into holding vats after ten 

minute run 

(4) Start of cream through pipe into 

churns 

(o) (Yearn into churns after agitation 
((i) (Yearn into second round of churns . . 


Filtration Method 


Wet-aHhiiitf MethcKl. 


P.p.m. 


Averiiae 


P.p.m 


012 

013 

0-.59 

0*.Mi 

0-22 

0*20 

0*23 

0-23 

0-23 

0-21 

0*21 

0-21 



013 

on 
0-62 
0-62 
0*2.5 
0 23 
0*19 
0*20 
0*21 
0*2.5 
0*20 
0*1S 


Average. 


0*12 
0*(»2 
0 24 
0*20 
O^S 
0*19 


Table VII. — Sources of (\)pper Comw.mi nation 


.Xveratfp 
(p.p III.) 


} ITevioiis 
I Results 
t <pp.fn.). 


(1) Water from cream-pump to vacreator (about 25 ml., opales- 

cent) 

(2) Water from cream-puihp from vacreator (about 140 ml.. 

milky) 

(3) Water from cream- pump from wattT-cooler (about 30 ml., 

almost clear) 

(4) Raw cream in receiving-vat 

(5) First cream through vacreator and coolers (very watery) . . 

(6) Cream through vacreator and coolers near end of run 

(7) Butter made from above cream 


9*0 


15*0 


0*12 

015 

0*14 

oos 


0*12 

0*02 

0*24 


Conclusion 

Many careful experiments have been carried out in order to improve 
the techniques of both the filtration and the wet-ashing methods. They 
now give results which agree closely. The results given in the tables 
demonstrate how such methods can be applied to track down unsuspected 
faults in the butter-factory machinery. The filtration method has the 
advantages of avoiding objectionable acid fumes, risks of contamination 
are reduced, and the results are more simply obtained. By using this 
simpli%d method, Dairy Division Instnictors can be readily provided with 
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iiafomatioii to enable them to attempt to eliminate at the source potential 
causes of spoilage in butter due to copper contamination, instead of having 
to wait for defects in the stored products to be complained of by consumers. 
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EQUIPMENt FOR THE SULPHITING OF APPLE 

SLICES 

By G. Maskjll Smith, Dominion Laboratory, Department of Scientific 
' and Industrial Research, Wellington 

\Refeimd for publication, 4th September, 1946] 

Summary 

A description is given of a machine designed by the ('hemical Engineering 
Section of the Dominion Laboratory for dipping apple slices into sulphite 
solution in commercial quantities. Reference is also made to two earlier 
devices. All three machines are capable of dealing with one thousand cases 
of apples per day and have been used in the preparation of apples for 
dehydration. 

Waii^ for many years the customary method of protecting apples from 
oxidative effects during drying has been by exposing the peeled or sliced 
apple to the fumes of burning sulphur, recent work has shown that a more 
uniform and generally improved product could be obtained by dipping 
the apple slices into a solution of sodium metabisulphite. With this method 
close control can be obtained of the amount of sulphur dioxide adde^ to 
the apple and, if desired, it is possible to add greater amounts than is 
possible with sulphuring in the normal way. As the writer was concerned 
only with the engineering side of the project, it is not proposed to 
discuss the chemistry of the addition of sulphite or sulphur dioxide to apples. 
Work on this aspect was carried out at the Plant Chemistry Laboratory, 
Pahnerston North. 

When the proposal was first put forward it was believed that a dipping 
lime of some six to ten minutes #as required, and therefore a batch type 
of dipping mechanism was installed. With this considerable variation 
epuihi m obtained in the time ofj^p. This equipment is illustrated in Fig. 1. 

was installed at Hastings aud has operated for several seasons. 
B lias tins disadvantage that it recjtures an attendant to operate the 
control is simple and very little trouble has been experienced. 
^ UO|itamination, all parts coming into contact with the apple or 
^ made of wood, rubber, or other material not attacked 
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When a factory was erected later at Motueka it had been determined that 
a much shorter dipping time was satisfactory, and a continuous dipping 
unit was installed. This is illustrated in Fig. 2. This consisted of a wooden 
vat 17 ft. long by 2 ft. wide over which ran a slatted conveyor belt. The 
apples were delivered into one end of .this vat, then carried down into and 
through the sulphite solution in the vat by means of the wooden slats 
attached to the rubber belt. At the end of the vat the slices were carried 
up a sloping extension and fell over on to the end of a tray conveyor. The 
belt was driven by a variable-speed reduction gear, the normal speed used 
giving a dipping time of about half a minute. In 1945 the wooden vat was 
replaced by stainless steel and a sump was formed at one end so that pips, 
&c., could fall clear of the slices and be eliminated from the product. 



Fio. 1. 


While having satisfactory capacity, certain defects were evident, par- 
ticularly the difficulty of satisfactorily mixing the solution in the long tank. 
The unit also required a great deal of floor space, and, as will be seen from 
the photograph, a considerable quantity of apple was carried back on the 
belt to travel through the bath a number of times before delivery to the 
trays. 

In view of these and other defects, and since storage tests had shown that 
an almost instantaneous dip into the solution .was satisfactory, it was decided 
to build a much more compact machine and one in which the defects in 
the two previous machines were eliminated. A new machine was designed, 
a photograph of which is shown in Fig. 3. Figure 4 is a diagram showing 
the dipping portion of the bath. 

Essentidly the machine consists of a stainless-steel tank 4 ft. long by 
2 ft, wide by 2 ft. 6 in. deep. Into this projects a stainless-steel drum 3 fti 
in diameter driven by motor and reduction gear at a speed of approximately 
two rewlutions per mjpute. This drum is set so that it dips into the solution 
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held in the tank at a controlled depth. From the drum twelve paddles 
project through slots. These paddles are mounted on a shaft held a short 
distance below the centre of rotation of the drum so that as the drum 
rotates it causes the paddle to turn with it, and these, rotating about a 
different centre, are ejected and withdrawn into the drum during each revolu- 
tion. As the paddles withdraw through the slots in the drum, any apple 
slices adhering are scraped off by the drum. On further rotation the drum 
itself is scraped clean by a rubber scraper shown in the sketch. Inside the 
tank a curved perforated division is placed just so as to clear the paddles. 
This is connected to the discharge chute. A drain cock and float valve 
for the control of the level are also provided. 



The apples are discharged from a conveyor into the free space in the 
tank beside the float chamber. As the apple slices float on the surface 
they are carried by the flow of the solution to a point where they are collected 
by the paddles. They are then carried down under the solution and pushed 
up the perforated division until they fall over the end on to the discharge 
chute. 

During the passage up the division, draining can take place so that 
solution loss is minimized. The wetted slices are scraped off the paddles 
. and the drum by the means described so that all fall down the discharge 
chute on to the spreading belt. 

In Fig. 3 it can be seen that the dipper delivers on to a spreader belt 
driven by the chain sprocket. ” "To obtain even spreading, the belt passes 
botow a “ diamond spxfeader.” This has been modified the original 
A^pittioan design by providmg screw adjustments for all four comers of the 
and' increasing the width of the diamond to 6 in. Running the 
be at approximately half the speed of the tray conveyor it is 
obtain a uniform rib|^n of material on the belt and the desired 
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weight of apple slices on a tiay. Occasional whole apples do not jam under 
the diamond, but^ have to be picked off the trays before they pass into the 
tunnel. With two operators, one loading the empty trays on to the con- 
veyor and the other loading the filled trays on to the trolleys, and with the 
tray conveyor running at 30 ft. per minute, the machine will load one hundred 
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This is sufficient capacity to keep one dehydration tunnel in operation 
for sixteen hours with the spreader operating a single shift. Complete 
working drawings of this unit are available from the Dominion Laboratory 
on request. 

AvK no WLEDG me NTS 

The writer wishes to (*x press his aj)preciation of the co-o[)eration of the 
Internal Marketing Division, by whom the Motueka factory is operated. 
Thanks are expressed to Mr. A. P. Druce, who carried out the design of the 
equipment, and to the Director, Dominion Laboratory, for ])ernn88ion to 
})ublish this })a})er. 
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SILAGE STUDIES 

IV. A COMPARISON OF LOSSES IN PASTURE SILAGE MADE IN 
PITS IN STACKS UNDER VARIOUS CONDITIONS 

B7'P,.IL Sears 'R iid V, c. Goodall, Grasslands Division, Plant Research 
Bureau, Palni^tou North 

(Continued from IW. 24t No, Ja, page 130 a) 

[Received for publication^ 30th Sepfetnher^ 1946] 

Summary 

(1) JLopBes in ohemica! constituent ami in liisestible uutrieiitH of ^stun* 
silago were determined ov'er a four-year period in 25-ton concrete pits and 
50-ton stacks. The results are th«*r<»fore derived from over 8(H) tons of ensiled 
material. 

(2) The average percentage losses of dry matter (D.M.), crwle protein 


(C.P.), and organic matter (O.M 

.) are - 




DM 

t 1* 

O M 

Pita 

, 34 

35 

4H 

Stacks 

. 42 

41 

42 

(3) The apparent digestibility values as 

detcrniiiKHl 

by fetHlinsr trial* 

(expressed as percentages) are — 





1> M. 

C’.l» 

O M. 

Ensiled herbage 

• 74 


7H 

Pit silage 

. H4 i \ 

A 49 

Hti 

Stack silage . . 

, «2 

' ’ 36 

H4 

(4) The average percentage 

losstHi of total 

iligestible constituents an — 


B.M. 

(\P. 

O.M. 

Pits . . 

. 42 

Hi 

47 

Stacks 

. 51 

73 

51 


(5) The average losses of dry matter as inedible material wert* 2-0 [H'r 
cent, for pit silage and 10*2 per cent, for stack silage. 

(6) Wastage on the circumference of stacks was highest in tlie \car nhen 
the percentage of dry mattei* in the material ensiled was greatA^t (over 27 
per eetttd. 

(7) The average loss of dry matter in exudates from pits was H I pt*r cent., 
as compared with 3*2 per cent, in stacks, and was greatest in those sea'^oii'^ 
when the percentage of dry matter in the material ensiled was lowest (Inflow 
20 per cent.). 

(8) The addition of mineral acids markedly lowered the losses in dr\ 
matter, but such silages were less palatable, even after neutralisation by ground 
hmestone. 

(9) Adequate oonsolidation of the top layers of stacks by means of an 
earth oap recUioed kieees appreciably, but protection against rain sluiued no 
benefioial* eSfeet. 

(10) ’p^e kMwea reoordad are believed to bt* a verj' conservative estimate of 
the avera^ toaeM oceurrtng in normal farming ^aetice in New* Zealand. 
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Introductiok 

In previous papers from %]m Station results kave given of the losses 
occurring in experimental 2-ton 8ilo8(l) and of the chemical composition 
and digestibilities of pasture silage from full-size stacks and pitB(2, 3, 4). 
The losses recorded were relatively high, and since this might be associated 
with the size of the silos used, it was considered hecessary to re][)eat the 
work under conditions which approximated as closely as }> 088 ible to the 
best farming practice. Such an investigation would not only give a 
comparison between small- and large-scale ensilage procedures, but would 
fix a reliable mean-loss figure for farm-made silage. 



Flo. 1,— View of concrete tanks for eoUeetion of exudates from pits and 
stacks taken during construction. Pw from bottom of pit on left allows 
direct measurement into the tank, ftom which a discharge pipe runs to 
or>nnect up with the main waste seen in bottom of trench on the right. In 
the background can be seen a concrete stack base under cohstruotiiHi. 
Collection tanks for these are at a higher level than for the pits. This' 
allows a good fall for the total discharge pipe from the series of ooUeotion 
tanks. 


The programme of work , reported in this paper commenced in 1(H1, 
when two 50-ton stacks and two 25-toii eart.h pits were investigated. In 
1942 two concrete stack bases to hold 50 each an^ two 25-ton concrete 
pits were built, all of them fitted with drains and sumps for the quautative 
coUention of exudates (Fig. 1). In all cases losses were determined by 
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weighing and sampling each load of pasture herbage liefore eiisiliiig and 
each load of silage as it was removed. This has involved the handling 
during the past four years of over 800 tons of herbage and 5(X) tons of 
silage, but the method gives so much greater certainty than any of the 
sampling methods which have been tried elsewhere that the extra work 
involved was fully justified. 

The data obtained from the four years’ measurements are reasonably 
representative of the average climatic conditions experienced at Palmerston 
North. The seasons varied from hot and dry to cold and wet, but the 
average would not be abnormal. On the other hand, the quality of the 
herbage ensiled and the care given to the ensiling process itself was 
probably greater than on the average dairy-farm. 

Accordingly, it is reasonable to presume^ that the data presented below 
represent a fair average of the losses being experienced under the best <»f 
North Island farm conditions of pasture growth and labour and show' a 
conservative figure for the losses in general practice throughout the country. 

Apart from the main project of normal stack and pit nutri^t losses, 
measurements were made on stacks and pits subjected to variations in 
compaction, jirotection against rain, and also with the addition of varying 
strengths of acid solutions. This latter was done largely to gain experienc<*. 
in the use of acid treatment of large masses of ensiled herbage, but the 
results obtained, although of a preliminary nature, give some idea of the 
possibilities attending the adoption of such a practice in this country. 

Experlmental Technique 

The Massey College dairy pastures used for silage wert‘ closc*.d from 
grazing in early October each year and cut in mid-November. Before 
closing, the paddocks were grazed dc»wn with cattle and sheep and 
harrowed to spread droppings. No nitrogenous fertilizers w'ere used, but 
the pastures had an annual top-dressing of suj)erphosphate and w'ere limed 
periodically. 

When ensiling commenced, a tractor mower was o})eTated each morning 
from about 7.30-9.0 a.m., sufficient herbage being cut for each day’s work. 
The herbage was raked into windrows and forked into a lorry and trailer 
in amounts limited by the small weighbridge used. The net weight of 
each load varied from 15-20 cw't. Each load was weighed separately and 
then immediately sampled for chemical analysis and botanical composition. 
A representative sample of approximately 50 lb. of mixed herbage w'as 
taken from the load, mixed thoroughly by hand, anti two sub-samples 
each of l,0(X)g. were taken for the two determinations. These sub-samples 
were immediately sent to the laboratory, the average time elapsing between 
weighing and placing the samples in gas drying-ov^ens being approximately 
half an hour. Dry-matter determinations w'ore made after th(» samples 
had lieen dried at 80-90^ c. for approximately twenty-four hours. The 
dried samples were then ground in a standard laboratory' mill. Chemu^al 
analyses followed A.O.A.C. methods, but, due to staff shortages, the crude 
fractions only were determined. Botanica,! analyses w'ere made by actual 
dissection of samples of 500-1 ,(XK)g. The separated constituent species 
Were oven-dried and the percentage comfK>sitions determined on the dry 
weight basis. 

The building of stacks and the filling of j>its was carried out by the 
Station’s farm staff, all of whom had had previous exjierience of silage 
work. Every endeavour was made to produce good silage, in so far as 
even stacking and filling, good consolidation, and trimming of the edges 
are of value. 
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In order to obtain an even distribution of the herbage, the loads were 
^ternated between duplicate silos and stacks every six loads. 

The filling of the pits and their dver-silos took three to four days, and 
the stacks four to five days. SufScient material was ensiled each day to 
allow for heating and settling of the mass for the next day’s work. 

After completion of building or filling, each stack or pit was covered by 
a layer of sacks, and a layer of soil approximately 24 in. thick in the 
middle and 18 in. on the edges. The soil layers were maintained in {)Osition 
by wire netting and sack aprons round the edges of the stacks, thus enabling 
an even distribution of weight right to the edges and preventing loss of 
soil by washing, &c. 

Temperatures during ensiling of either pits or stacks were not recorded, 
except on one oc^casion when concern was felt about an spparent abnormal 
heating in one stack, a check of points 2 ft. in from the sides showing 



JFig. 2. — General view of experimental stacks and pits just after completion of 
ensiling in the 1942-43 season. Treatments from left to right are: 

(o) normal stack, (6) normal stack, roofed against rain, (c) normal pit roofed^ 
and (d) normal pit. 

tem|)eratures of 12,^ f. The pits appeared to generate less heat than the 
stacks, although both developed what were considered normal tem^ieratures. 

The exudates from each silo and stack were measured daily by means 
of a calibrated rod in the tanks, and samples taken directly from the inlet 
pijHi for chemical determinations. 

The weighing, feeding, and sampling of the finished silages were carried 
out some eight months after ensiUng. As each silo was opened up, the 
material was cut out in sections, and silage which appeared inedible was 
separated, weighed, and sampled separately. The inedible material was 
offered to the dairy herd with the edible ribge and a daily check made 
by observing the actual feeding of the cows. Suitable adjustments were 
znade, when necessary, in the daily clasrificarion of wastage afid edible 
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silage. No doubt, much of the material classified as wastage would be 
^ateii by animals on a lower plane of nutrition. The aim of silage-making, 
or any other form of fodder conservation, is, however, to produce fodder 
which is palatable at any plane of nutrition. 

Digestibility trials of both the materials ensiled and the n'sultant 
silages were carried out in 1942, 1943, and 1945, using two full-grown 
Romney wethers for a feeding jieriod of fourteen days and a pre-feeding 
period of five days on each different material. The technique adopted was 
as described previously for herbage and silage feeding trials at this 
Station(6, 4). The feeding-trial jieriods coincided with the harvest and 
the feeding-out })eriod8 of the silage crops. The feeding of the herbage* 
jstarted before and finished after harvest, so that the mid -point of the 
ttial coincided with harvest, whilst the silages fed to the sheep were 
obtained from the amounts weighed out from the edible pafTs of eaeh 
stack and pit. 

The technique followed in adding the acid solutions to the pits in 
1943 and 1944 was as follows : a bulk supply of sulphur ie*acid solution 
of the required cone-entration was made u}) in a wood(*n butt holding 
approximately 4(10 gallons and mounted, at the side* of the pit, on a stand 
10 ft. above ground-level. A rubber hose fitted with a tap, led from the 
butt to the pit. The tank was calibrat<*d in 2-gallon stei)s, the amount 
applied being controlled by insj)ection. All the solutions were ap]>lied 
at the rate of gallons to the ton of fresh herbage by spraying the 
mat(*rial as it was put into the pit and spread and trampled. This volume 
of liquid per ton ap|)eared to lie the minimum amount that could be 
applied to obtain a thorough wetting of the herbage. The clothing of the 
operators suffered considerable damage, even though rubber boots were 
in us<». Precautions had also to be taken to minimize <langer from 
accidental acid burns. 


Rksitlts 

The measurements made havt* Ihh*!! summarized into the serl(‘.^ of tables. 
(Complete details of all the measurements and feeding trials are not 
presented, but will be made available if required.) Tables J and II ^how 
the yield per acre and botanical compositions of the materials ensiled. 
Table IV gives the chemical composition, and Table VI the digestibilities 
of the various constituents. Tables 111 and VII show the compositions 
and losses in the silages made in the normal oO-ton stacks and the normal 
25-ton ])its. Tables VIIT and IX set out, for ease of direct conqnirison, 
the averages of the lossi\s in both total ami digestible constituents. 
Tables X and XI show the different losses recorded when stacks and pits 
were subjected to different (‘onsolidating and coverages, while Table XII 
shows the different losses when solutions of siiljihuric acid, in \'arying 
strengths, were added to the ensiled herbages. 

The yields per acre as shown in Table 1 were d(*terniimHl by taking 
the total weights of the crop (green weight) as measured into the silos 
reduced to a per-acre basis. From a comparison with previous ri'corded 
yields(l, 7) it will be men that the silage crops throughout were of good 
average quality and yield, except in two of the ]>addocks in 1941, w^hich 
had a slightly higher content of lower producing speci(*s of grasses and a 
lower total yield. 

Table II shows the botanical compositions of the herbage actually 
ensiled in the various treatments each year. These data are presented in 
detail because the herbage ensiled could not be drawn from one complete 
paddock of one comp>sition, ami also beijause the stacks ami pits were 
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filled in sequence. However, the com^iosition of the nutterials ensiled iti 
the various treatments in each year was sufficiently similar to enable valid 
comparisons between treatments. Table III sets out the weights of the 
herbage ensiled, the weights of the silages recovered, and the exudates. 
These represent the total weights and are subject only to the dry-matter- 
sampling error. This latter, however, should not be large because of the 
great number of determinations made over the seasons by sampling every 
load in and out of the stacks. The apportionment of the jiercentage losses 
of dry matter has been made by direct calculation of the dry mhtter 
recovered in the edible and inedible silage and in the exudates. The 
differences between the sum of these and the total dry matter ensiled are 
expressed as ‘‘ invisible ” losses — i.e., losses due to the respiration and 
fermentatioji processes. Also included will be any losses of actual silage 
around the edges of the stacks or an incomplete collection of the exudates, 
but there was no reason to believe that these were of any significance. 

The losses in the form of total exudates were greater in the pits than 
in the stacks in all cases, the amounts varying directly with the moisture 
content of the ensiled herbage. The losses in the form of wastage were 
greater in all cas(^s in the stacks than in the pits, but no relationship can 
be seen between such losses and the state of the material, except f)erhaps 
in the cast* of the 1942-43 stack. In this year, when the dry-matter 
content was high (27*6 per cent.), it would appear that consolidation was 
not' as good as in the other years, and losses as wastage may have been 
higher for this reason. It is not reflected in the same material ensiled in 
pits, however, but this is explicable by the anaerobic conditions in the 
concrete silo. Invisible losses of t^tal dry matter show no definite 
differences as between stacks and pits, but total dry-matter losses w(*re 
definitely lower in both types in the 1942 -43 season than in the others. 
In this year the herbage was drier than in other years and probably gave 
better conditions for fermentation processes, although this was counter- 
balanced to some extent by the greater amount of inedible wastage in the 
stack for that year and the lowered digestibility values. 

The chemical compositions as shown in Table IV were determined on 
bulked amounts of aliquot weights of the dried sub-samples for each load. 
The general composition is similar to those previously recorded at this 
Station(l), and by Watson(5) and others overseas. Not a great deal can 
be obtained from the study of such analyses in themselves, and esjiecially 
so in this case, since only the crude fractions were determined. There is 
no great difference between the chemical composition of the silages in pits 
and those in stacks, but the differences are shown in truer perspective after* 
examination of the differences in digestibility set out in Table VI, and 
combining all the data into one comparative examination of the overall 
losses of total digestible nutrients (Table VIII). 

Comparing the digestibilities of the ensiled materials, it can be seen 
that there are no great differences between one year and another, and that 
there is good agreement with other samples of herbage previously 
examined(6, 1). The general high levels of digestibility of all the 
constituents of high-producing New Zealand pastures have been discussed 
previously(6). Considering the digestibilities of the silages, however, it is 
seen that there was a considerable drop in the protein and more-soluble 
carbohydrate constituents. The decr^ses were generally greater in the 
stacks than in the pits, and it is reasonable to assume that not only did 
leaching of the more soluble nutrients take place, but also a decrease 
occurred in protein digestibility as a result of the greater heating in the 
stacks. > 
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There was a variation from year to year in both stacks and pits, but 
only in the 1942-43 season did the drop in the digestibilities of the pit 
silage assume the large proportions it does in the stack silage. 

It is of interest to compare the mean figures obtained for all the 
digestibilities with other recorded data. In the case of the pit silages the 
average figures for the four seasons are very close to those previously 
recorded at this Station for silages made with similar materials and in 
similar pits(7) and also those made in smaller (2-ton) concrete pit8(l). 
Digestibilities are lower than those quoted by Watson as typical figures 
for silages made in towers and lined pits, but not markedly lower than 
those given for pit silages, although the drop in digestibility in this case 
is greater, due to the higher digestibility of the ensiled material(5). The 
digestibility figures for the stack silages compare reasonably well with the 
similar range of silages made in England(5) and also with stack silages of 
similar com|K>sition in America(8). The only figures available for com- 
7)arison within New Zealand are those of a wide range of samples collected 
on the survey referred to(2). For thest^ pepsin solubility of nitrogen was 
used as an index of digestibility, and if this can be accepted, the 
digestibilities of the stack silages measured here compare very favourably 
with the. best that were examined in the field then. 

Tables X and XI, showing the losses recorded for stacks and pits with 
different coverings, call for little comment. The greatt*r losses due to the 
lack of earth consolidation 9 re definite for both vears. The results are 
shown visually in Figs. 3 5. Greater losses of digestibility would 
undoubtedly have been recorded for the large amount of darker-looking 
silage on the top of the unweighted stack, and the total loss of digestible 
nutrients would be even greater than revealed in the tables. It seems 
reasonable to conclude(5) that the required minimum weight of consolidating 
earth cap will equal the weight of the mass of herbage affected bv the lack 
of consolidation, shown visually in this case by its darker a})p€^arance. 
Roofing against the weather resulted in an increase of total dry-matter 
losses in Imth years on the stacks and in one vear in the pits, with a 
reduction in one year in these latter. The great reduction in lovSS(»s in roofed 
pits f)reviou8ly recorded here was not repeated in the larger structures 
and is probably associated with the size of the silos, as well as the fact 
that the concrete silos were built with a projecting lip. This prevented the 
ingress of outside surface drainage, which may have haj)pened in the 
earth pits and also in the smaller exj>erimental group ])reviously measured. 
Also, the unroofed pits and stacks, by reason of exposure to rain, had the 
benefit of a heavier earth caj) throughout than did the roofed silos. The 
effect was noticed more in the stacks than the pits, as it would seem that 
the weight of the consolidating caps on the former, evi*u with wet soil, 
was insufficient for thorough compaction of the mass. 

Table XII sets out the reduction in losses when solutions of .sulphuric 
acid were added to the ensiled herbage. In every case the r<*duction of 
losses and increase in total acidities were considerable and approximately 
in direct proportion to the strength of the acid solutions us(h1. The data 
collected do not, however, allow of any full discussion of the effects on the 
silages themselves, and the figures obtained are presented as a .simple 
statement of the gross results. The acid silages proved very unpalatable 
to dairy cattle, even after neutralizing with a])propriate (piantities of lime 
and soda mixtures. The refusal of sheep to eat silage made with added 
acids prevented the carrying;OUt of digestion trials on this class of silage 
material. It should be remembered, in considering direct acidification of 
silage as a means of reducing losses, that costs of acid are much higher in 
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New Zealand than in other countries. This, together with the difficulty 
of applying acids and of neutralizing the resultant silages, would no doubh 
prevent its adoption in practice, no matter how effective it were in reducing 
josses. Similar views are held by several American workers(12). 

No figures have been quoted for pH levels. pH determinations were 
recorded for both the exudates and final silages, but have not been quoted 
because considerable variations in the values obtained and a number of 
anomalous recordings. Without more detailed measurements of the acid 
constituents themselves, together with parallel bacteiiological work, the 
pH figure alone is of limited value. 

Discussion 

The measurements made over the whole programme of work reported 
show losses ranging from 50 per cent, down to 14 per cent, of the total dry 
matter ensiled, with similar variations in digestibility losses depending on 



Fro. 3. — V’^iew of sila^c stack. Instead of atlding soil to compact the 

maas, some farmers prefer to cone the atack, both to turn the water and also to 
give extra consolulation in the centre. Photo should l>e compared with treatment 
{a) in Fig. 2 to see difference in stacking metbo<l. Much gi-eater nutrient losses 
were recorded for this meiluMl of stack- building than for the normal ^^eighted 
silage stack. 

the constituent and the process used. The work has supported the results 
obtained in Europe and America, although there appears to l>e a greater 
general net, loss under New Zealand conditions, due to the high digestibilities 
recorded here for silage crops of similar maturity, yield, and chemical 
composition. 

Most of the overseas rejxirts on silage-making, in their discussion of 
New Zealand results, assume and emphasize a high level of silage quality 
in this country. This is no doubt due to the fact that there has been no 
actual measurement of losses made here previously, and the statements 
issued to date have been based largely on observation with a limited 
amount of chemical analyses of the cur^ silages. 
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It is a matter of considerable inijx>rtauce to j^asture and animal 
production in New Zealand that the normal losses as recorded in the work 
reported here, and as previously suggested(l, 2), are as high as, if not 
higher than, in other grassland countries. Hamilton, in a survey of dairy 
production in New Zealand(9), established a definite correlation between 
the amount of hay and silage conserved and the butterfat production for 
the following season, and advocates, as do all grassland workers in this 
country, a much greater emphasis on the provision of increased (|uantities 
of supplementary feed for autumn and winter shortages. 

The loss figures recorded, as well as the field-work previously referred 
to, suggest that at least as great emphasis should be put on the necessity 
to use every care in the making of pasture silage. A very general opinion 
held by many New Zealand farmers is that silage-making calls for no great 
care and -that anything will do in the way of material for ensiling. Although 



Fig. 4. — Profile of unweighted silage .-tack, with tapt-H attaeluMl to define limits of 
visually different grades of silage. The area marked “ A ’’ was inedible wastage ; 
the silage in area marked “ B ” was edible, but very burnt and of low protein 
digestibility; the silage in area was of a light green-brown colour, edible, 

and of higher digestibility than H. 


we would be the first to admit that our efforts to make silage of good 
quality and with low losses have not been successful throughout, it is felt 
that the results secured give some useful indications and fully substantiate 
the recommendations of overseas workers. The moisture content of the 
material ensiled is a most potent factor in silage losses and quality. When 
the herbage is long and dry, consolidation is poor and digestibility is 
lowered by excessive heat ; when too wet, the losses by leaching of the 
more soluble constituents gives a similar net result. English and American 
workers(ll, 12) agree on the desirable moisture content as being 70 percent. 
In those countries, however, chopping of the material at ensiling is 
<*Dmmon and compaction easier. From our figures for iinch(>))ped materials 
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it would appear that 75-77 per cent, moisture is the most suitable figure 
to aim at for the normal run of unchopped New Zealand pasture silage 
crops. The advice usually given by agricultural authoritie8{10) in this 
country, that it does not matter in what weather the ensiling is carried 
out, has not been substantiated, although it is realized that it is very 
difficult indeed to adjust normal ensiling and haymaking operations to thd 
vagaries of the weather in the high-rainfall areas of New Zealand. If the 
crop to be ensiled is of a rank and stemmy nature, a small amount of 
surface moisture may be desirable and may make compaction easier, but 
if it is of the leafy nature (which is the moist desirable), then surface 
moisture should be low, to avoid excessive losses through drainage. 

The superiority of the silo over the stack method has again been 
demonstrated by the trials re})orted here, but as the use of either depends 
on many other factors on the farm, no hard-and-fast rule can, in practice 



Fig. 5. — ^Profile of weighted stack (after removal of earth oonsolidating-cap). Stack 
face has been taped to define the limits of visually different grades of silage, as 
for the uncovered stack in Fig. 4. The smaller amount of in^ible wastage and 
the elimination of the area of very low digestibility silage (“ B ”) makes the use 
of earth consolidation of considerable value. Note the concrete stack base for 
collection of exudates. The base slopes into the centre* from which a pipe leads 
to the collecting'tank behind and below the stack. 


be stated. Finally, although the use of acid solutions reduces losses 
considerably, the experience gained, together with a consideration of costs 
makes its practical application unlikely. 

It is intended that future work should cover a detailed examination 
of the bacterial populations normally present in silage and measurement 
of their metabolic processes. It is hoped that such a study may lead to a 
clkirer understanding of the processes involved in ensiling and {lossibly 
su§g|st means of reducing the present high losses associated with this 
method of fodder conservation. 
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Table I. — Yields per Aore (Green VVciCiiir) of Herbv(je ensiled, and Botankal 
C oMPosiTioN.s (Dry Weight) of Pastvres itsed for the Trials is each Year 


1 

1 

Paddes'k 

No. 

Yield 

I»t*r Acre 1 
(Tona of 
Green 1 
Material^ I 
1 

BotHUU'al rompiiHition (I>r\ -matter Baaia), ikt Cent. 

1 lAihum 
} perfHiif, 

1 

! Dat^iylut 
tfhttuemJta. 

/*<WI j 

Iricutloi. 1 

I Otlier 

1 (traaaea. 

i 

j Tf if oil tun 
repewt. 

Other 

8I)ecie^. 

1941-42 .. 

,> 

5-6 

32 

\ 

18 

23 

2 

5 

Tr. 


8 

5-5 ' 

! 49 

12 

20 

16 

2 

1 


9 

81 

1 64 

a 

15 

9 

4 

2 

1 

21 

6-8 

i 54 

: 


15 

10 


1942-43 . . 

5 

8-3 

49 

: 26 

1 ^ 

4 

4 

1 


8 

6*9 

, 1^ 

.VI 

1 16 1 

1 3 1 

10 i 

3 


9 

7-4 

1 .55 

12 1 

1 20 i 

1 

9 1 

1 


15 

7-9 

i 23 

53 

17 ; 

1 

6 



20 

7-5 

69 

21 

' ^ 1 

2 

6 


1943-44 .. 

3 

9-4 i 

67 

lo 

15 

2 

4 

2 


n 

8‘6 

59 

11 

; 16 

5 

S 

Tr. 


8 ! 

9 0 i 

i 40 

27 

20 1 

1 6 

7 

1 


9 -- 

9-4 

60 

« i 

16 j 

6 

10 

2 

1944-45 . 


9-8 i 

77 

1 

6 

1 1 
I 8 1 

i 

«> ' 

4 



1 8 

9-6 

76 

t i 

i 4 1 

8 1 

5 

1 



9-5 

68 

17 

! " 1 

1 " 

l 

1 


” Other Grasaes ” include HtAcvs lanakus. Bromus moUU, Bromus catharticue 
Agrosiis Bpp., Poa prakn&ie, Poa annua, and Anthoxanthum odoraium. 

“Other SnecieB ” include Bumex spp.. Ranunculus re pens. Taraxacum officinale. 
and Planfatfo fancetAahm.. 
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XiaiiS II.— Botanical Compositions (OBY-wsianr Basis) of Hsrbaoe B38n4Bo 
IN THE Pits and Stacks for Years shown 
(Figures shown are pei‘centage8) 


Sea^u, 

Type of fiiuilagi' 

Htructiire and Treatment. 

ji 



J 

jo 


4 

I 

mi-42 .. 

Normal pit 

42 

25 

17 

12 

4 



Covered pit 

4(» 

21 

17 

18 

, 3 



Normal stack 

42 

30 

14 

3 

7 

2 


Covered stack 

39 

35 

11 

7 

6 

1 

1942-43 .. 

Normal pit 

57 

7 

17 

« 

11 



Covered pit 

fiO 

11 

14 

6 

9 



Normal stack 

52 

19 

14 

9 

6 



Covered stack 

54 

15 

19 

5 

6 


1943-44 .. 

Normal pit 

72 

13 

3 

7 

5 



Acid pit . . 

6S 

13 

4 

9 

5 

i 


Nonnal stack 

74 

i 

6 1 

11 

3 



Unw'eighted stack 

72 

1 

S 

7 

4 



I Small silos 

66 

i ^ 1 

15 

5 

9 


1944-45 .. 

Normal pit 

72 

! 

14 

4 

4 

6 



Acid pit . . 

72 

10 

(> 

(i 

5 

i 


Normal stack 

74 

1 6 

11 

5 

3 

1 


Unweighted stack . . | 

72 

1 9 

12 

2 

5 

f. .. 


Small silos . . . . 

i 

17 

3 


9 

1 

i ... 

i 


Table III,— Total Weights of Material ensiled in Stacks and Pits and the Weights 

RECOVERED OF RESULTANT SlLAOES 
(All weights given in pounds) 


Item. 


tacks. 

f 


. , Pits. 


1943-42. I 

1942-43. j 

1943 -44. 1 

1 

1944-45. 1 

j 

1941-42. 

1942-43. i 

1 1943-44. 1 

1944-45. 

Ensiled herbage — 

Green herbage 

1 

101,150 ! 

100,122 

99.805 

1 

99,940 

1 

49,34.5 

66,016 

69,946 

70,727 

Dry matter 

23,786 

27,673 

20,737 

18,492 

10,010 

17,808 

13,4.30 

11.799 

Silage recovered — 

Wet weight — 









Edible . . 

59,238 j 

60,227 

55,332 

50,573 

35,146 

57,915 

43.903 

41,158 

Inedible . . . . 

9,087 

10,093 

6,580 

6,435 

122 

2,0215 

2,477 

2,936 

Total 

68,325 

70,320 

61.912 

57,008 

35,268 

.59,950 

46,. 380 

44,094 

Drv-matter weight — 
Edible .. 

13,908 

18,157 

12,237 

9.484 

6,662 

13,298 

8,000 

7,268 

Inedible . . 

1,994 

3,697 

2,143 

1,608 

43 

499 

421 

490 

Total 

15,902 

21,854 

14,380 

11,092 

6.705 

13,797 

8,421 

7,748 . 

Exudate (weight) — 









Wet 

« ' 

2,803 

14,000 

29,360 

* 

5,788 

16,170 

36,350 

Dry 

« 

190 

700 

1,027 

* 

287 

808 j 

1,272 

Losses as percentages of 









ensiled material 









(dxy-matter basis) — 









In inedible mlage 

8-4 

13*4 

10-3 

8-7 

0-4 

2*8 

8*1 

4*1 

In exudgto 


0*7 

3-4 

5-5 

^3So| 

1*6 

6*0 

10*8 

Inviflihle .. 

20-3 

27-3 i 

34*5 

20*9 

31*3 

23*6 

Total 

41-5 

34-4 

41 0 j 

48^ 

33*4 

25-3 

4(1*4 

38*5 


* Not/ lutamtirva. 
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Tablk IV.-~C*HEMicAfi Composition op Materials ensiled in Stacks am» Pits and (►f the 
Resultant Silaoes and Exudates 

(Ex^Hressed as percentajies of dry matter, except dry matter itself, which i» (MTcf'iitae^e of tota 

green weight) 




Stacks. 



Pit 




1941-42. 

1942-43. 

1943 44 

1944-4.'.. 

1941-42. 

194-i 4.} : 

1 94:1-44 

1944 45. 

Herbage ensiled — 

Dry matter 

23-51 

27-64 

20-78 

18 -W 

! 

20-3 1 

27-0 , 

19-2 

16-7 

Crude protein 

12-fil 

12-43 

13-27 

14 41 

13-13 ! 

13-76 ' 

13-33 

15*25 

Ether extract 

2-26 

2-26 

2-61 

2-63 

2-73 

2-71 i 

3-62 

2*44 

Crude fibre 

27-93 

28-97 

28-31 

29-43 

25-30 

26-23 ' 

29-24 

42-52 

N-free extractives . . 

48-83 

47-87 

46-96 

44-46 

50-03 

48 43 1 

45 05 

42*52 

Organic matter 

91-63 

91-53 

91-15 

90-93 

9M9 

91-13 i 

91-24 

90-34 

Ash 

8-37 

8-47 

8-85 

9-07 

8-81 ; 

H-S7 ! 

K-76 

9*66 

Edible silage-- 
Dry matter 

23-50 

30-10 

22-10 

18-80 

( 

19-0 

23-0 

18 2 

17-6 

Crude protein 

11-68 

12-59 

12-10 

11-36 

12-14 j 

13-44 , 

11-75 

11-08 

Ether extract 

2-69 

2-82 

4-U 

4-33 

5 01 i 

4 47 

6-04 

5-72 

Crude fibre 

34-22 

31-32 

35-91 

38-42 

33-81 ! 

31-07 , 

36 69 

38-45 

N-free extractives . . 

41-95 

44-18 

39-20 

35-54 

38-Hl j 

40 60 

35-39 

34*15 

Organic matter 

90-54 

90-91 

91-32 

89-65 

89-77 

89 58 , 

89-87 

89-40 

Ash 

9-46 

9-09 

8-68 

10 35 

10-23 ' 

10 42 

10-13 i 

I 10-60 

pH 




I •• * 

i -l-OK , 



1 

Inedible silagi* - 




1 

1 1 

i 



Dry matter 

i 22-0 

36-60 1 

1 32-60 

25-00 

' 35-3 ! 

24 5 i 

17-0 i 

i 16-7 

Crude protein 

i 23-39 

20-51 i 

; 23-14 

21-03 

i ♦ 1 

IS 82 ; 

18-36 j 

J5-05 

Ether extract 

0-88 

1-35 j 

0-95 

1-27 

4t i 

1-70 

1-80 ! 

2-99 

Crude fibre 

14-98 1 

25-39 

17-06 

21-84 

* i 

.23 -89 i 

29-28 J 

31-67 

N-free extractives . . 

i 32-50 

32-20 

30-23 

,31-34 

« 1 

37-53 , 

34 13 1 

32-51 

Organic matter 

7b76 

79-45 

71-38 

75-48 

1 ♦ ! 

8) *94 

83-57 

82-22 

Ash 

28-25 

20-55 

28-62 

24-52 

1 * ; 

18-06 

16-43 

17-78 

Exudate — 

1 








Dry matter 


3-66 1 

5-(K) 

3-49 

* 

3 • 56 

4-99 

! 3-50 

Crude protein 


0-69 

* 

4t 

i * 

2 14 

* ! 

1 * 

Ether extract 

* 


* 

* 

! * 


* 

♦ 

Crude fibre 

i ♦ i 


* 

! * 

I <• 


* 

* 

N-free extractives . . 

I • 

96-99 

* 

* 

* ' 

96 14 

♦ 

* 

Organic matter 

1 » 

97-68 

* 

* 

i ♦ ' 


* 

* 

Ash 

^ * 

2*82 

* 

4. 

♦ 

1 72 

♦ 

* 


* Not detcrniluci?. 
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Table V.— Lomsjes of TirEMrcAL ('oNSTirrEXTs from Enhilaoe in Stacks and Pits 

(The lyfierences between the material ensiled and the edible silage prmiuoed expressed as peroentagea 

of the former) 


Crawtltuent. 

stacks. 

Pits. 

1941-42. 

1942-48. 

1948-44. 

1944-45. 

1041-42. 

1942-43. 

1943-44. 

1944-45. 

Oiy matter . . 

41-5 

34-4 

41 0 

48-7 

33-4 

25-3 

40*4 

38*5 

Crnde protein 

45-8 

33-5 

46-2 

596 

38-5 

27- J 

47-5 

55*3 

Ether extract. . 

30-4 

181 

71 

55-5 

-f-221 

+ 28-2 

0-6 

-I-44-2 

Crude fibre . . 

29-9 

29- 1 

25- 1 

33* 1 

111 

11-5 

25-3 

21 >5 

N*free extractives 

49-8 

39-4 

,>(>•7 

59-9' 

1 48-4 

37-4 

53-2 

60-6 

Organic matter 

42‘2 

34-8 

1 41-4 

49-4 

34*5 

2«« 

41-3 

39- 1 

Ash 

33*9 

29 •« 

42- 1 

41-.) 

22-7 

12*3 

3M 

32-5 


Table VI.— Apparent Digbmtibiuty ('orfficientk ok ensiled Materials bkpohb 
AND AFTER EnSILAOE IN STACKS AND PiTS 





.Stscks. 



Pits. 




1941 42. 

1942 43. 

1944 45. 

1941-42. 

1942-43. 

1 1944-45. 

Herbage ensiled — 

Dry matter 


74-9 

75*4 

72-6 

74'9 

75-4 

72*6 

Oode protein 


69-9 

750 

75-7 

69-9 

715 0 

76-7 

Ether extract 


63-0 

59-0 

66-5 

63-5 

59-5 

6515 

Crude fibre 


77-7 

77-5 

73-4 

77-7 

77-6 

73-4 

N-free extractives 


79-9 

79-3 

74-6 

79-7 

79-3 

74*8 

Organic matter .. 


76-9 

76-4 

74 2 

76-9 

75-4 

74-2 



56-3 

58-7 

57-5 




Edible silage— 

Dry matter 


64-2 

62-3 

60-9 

699 

58-8 

64-8 

Crude protein . . 


420 

33-6 

31-2 

595 

30'0 

58-4 

Ether extract 


58-2 

66-7 

74-8 

69 0 

64*8 

73*8 

Crude fibre 


762 

69^9 

76*8 

81-6 

66-5 

70-9 

N-free extractives 


67-2 

65-9 

54'6 

70-8 

576 

66-8 

Oi||anic matter . . 


67- 1 

68>] 

62-2 

73-2 

57*2 

68-0 


37- 1 

48-9 

49-4 

31-5 

45<5 

404 

Avkage daily ingestion 
sheep—: 

per 

g' 

g' 

g' 

g- 

g* 

g- 

Herbage 


1,577 

1,492 

1,371 

1,577 

1,294 

1,371 

Silage . . 

• • 

822-' 

70! 

709 

1.213 

598 

682 
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Table VII. — Losses of DioBSTfBLE Nutrients from KNsii.AOK in Stacks and Vits 


(Differences between the digestible nutrients ensiled and digestible nutrients in the 
resultant edible silages expressed as percentages of the former) 


Digestible Nutrient. 

Htacks. 

Pits. 

1941-42. 

1942 4». 

1944-4.'>. 

1941 42. 

1942-4:1 

1944 -4:>. 

Dry matter 

49 9 

45 -S 

57 -D 

38-8 

41-8 

4.5 I 

Crude protein . . . . 

«7r> 

70-2 

80-8 

47 7 

70*8 

65-5 

Ether extract 

afii 

8*1 

3*8 

i 32 -2 

- 35 -6 

-t 61-9 

Crude fibre* 

34-6 

36 0 

30 0 

6-6 

24- 1 

24-2 

N' free extractives .. .. 

ofiS 

: 49-7 

70-0 

r>4\ 

.54 5 1 

.56-4 

Total organic matter 

49-7 

4r»r) 

57-6 

.il*9 

I 44-3 

44-2 

Ash 

5fi • .■) 

1 

41 4 

49-7 

.56 • 7 

32-0 

.52 -.5 


VI 11. — .Avera<}Eh 

OK Per(’Entaoe Losses inci 

KRKD IN 

F’oi K 


Enhilaok in Stacks 

AND Pits 




[ Ch**iul(*al 

DiircHtihlc 


1 UonstituentH. j 

.N'utiicnts 


.Stacks 

1 Pit^ ; 

Stai'ks 

Pit- 

Dry matter 

! 41-4 

! 34-4 1 

.50 9 

41 -9 

(’rude protein 

. i 46-3 

1 : 

72 s 

61 3 

Ether extract 

.. 27-8 

22*2 I 

16 0 

43 2 

(Vude fibre 

.. ! 29 3 

1 

33 .5 

IS 3 

N’free extractives 

. 49 7 

47-4 

58 -S 

.5.5 0 

Organic matter 

. ; 41*9 

I 3.-. -4 : 

,51 1 i 

46 S 

Ash 

, 36 S 

: 24*r> j 

49-2 ; 

47- 1 


Table IX. -Averaok Apparent Dhjestibilitjes of Materials kn^^iukd and 
Resultant Edible Kilaoes 

(Averages of three years’ measurements on stack and pit silages) 


4 

Knsik’d. 

Flft> -Uin 
StackH 

Pits 

Dry matter 



74 3 • 

62-4 

1 

1 64*2 

Crude protein 


• • 

73-5 

3.5*6 

; 49*3 

Ether extract 


.. 

! 62«8 

1 66*6 

69 2 

CriMle fibre 



76*2 

!• 74*3 

73-0 

N-fpee extractives 



77*8 

! 62*6 

i 64*7 

Organic matter 

Ash 

;; 

:: 

75*5 
' 57*5 

! (Ul 

; 45*1 

1 66 1 

! 39*1 



Tabi<e X. — iSr^ofABY OF Dby-matteb Losses inoubred in Silos using Coveking against 

(All weights given in pounds) 
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LAND-CRESS TAINT IN CREAM AND BUTTER 

PARTS I AND II 

By F. H. McDowall, I. D. Morton, and A. K. R. McDowell, Dairy 
Research Institute (N.Z.), Department of Scientific and Industrial 
Research, Palmerston North # 

[Recfired for publication^ hith August, J946] 


Summary 

I. Land-ereHK {Comnopus didymua) is an atmuul whic'h ajipears in 

young pastures and in bare patches in established pastures. XA'hen consumed by 
milking-cows it causes the milk and cream to be tainted. The taint is often not 
noticeable in the cold milk or cream, but appears in the heated product as a 
“ burnt ” or *’* scorched flavour, which persists in the product after it is cooled. 
The taint normally is not removable by vacreator treatment. Methods of heating 
the cream for detection of the taint are descrilied. 

II. l.iand-creKH. like garden-cress, contains a Ixjnzyl mustard -oil glucoside. 
Direct steam distillation of the uncrushed plant gave (>*022 per cent, of benzyl 
cyanide. Steam distillation of the plant after comminution and standing for 
five hours gave 0*037 per cent, of benzyl cyanide and little evidence of the 
isothiocyanate. Alcoholic extraction of the glucoside, followed by its separation 
as insoluble silver salt, and decomposition of this with sodium thiosulphate, gave 
<1*029 per cent, of oil which was almost pure benzyl isothiooyanate. The latter 
method was developed to give a quantitative estimation of tin* isothiocyaiiate 
present. 

There was little difference in the isothiocyanate content of plants collected 
at different seasons of the year. 

Ether extraction of the minced plant gave 0*014 per cent, of oil which was 
mainly benzyl cyanide. 

Ripened land -cress seeds gave 0*043 per cent, benzyl cyanide by direct stoain 
ilistillation and 0*065 per cent, of benzyl cyanide by direct steam distillation after 
grinding and maceration wdth water. By the silver-salt methofl the seeds 
yielded 0*064 per cent, of oil which was mainly benzyl isothiocyanate. 

Garden-cress {Lepidium sativum) gave 0*022 per cent, of benzyl cyanide by 
<lirect steam distillation and 0*03 per cent, of benzyl isothiocyanate by the 
silver-salt method. 


I. INTRODUCTION 

Goronopm didymus is a weed known in New 2^aland by the popular 
names “ hog-cress,” " twin-cress,” or, more commonly, “ land-cress.” 
(The common name recommended for acceptance in Australia is lesser 
swine-cress ”(!).) It belongs to the family of Cruciferee and is indigenous 
to South America. It was first recorded in New Zealand by Raoul in 1846. 
It occurs widely in Australia, where it has been referred to also as Senehiera 
didyma(2), Davi8(3) records it as affecting milk flavour in England. 

Land-cress is an annual jilant with trailing stems, very finely divided 
leaves, and small clustered white flowers that are often scarcely \'isible 
(Figs. 1 and 2). It flowers over a long period and is constantly jnoducing 
seeds, which drop off as they ripen. The seeds are carried in a kidnev-shajied 
pod ciivided into two halves, each of which contains a seed hence the name 
‘‘ twin-cress.” The seeds are scattered abroad by birds. Land-cress plants 
appear in the early spring in cultivated areas, in open patches in grassland 
around water-trauj^» iiaystacks, or oowyards where the main jiasture 
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grasses have been trodden out, in paddocks where heavy stocking has resulted 
in over-grazing and pugging of a pasture leading to a thinning«of the sward, 
in areas thinned out by grass*grub attack, and in patches where the pasture 
has been weakened during the summer by the growth of large thistle pfants. 
The occurrence of land-cress most troublesome to the dairy-farmer is in 
areas of newly sown pasture. Young pastures are excellent sources of 
early spring feed for milking-cows, but their use for this purpose is often 



Fio. 1. — ^l^and-oress ^natural size). 



{PMof from ** N.Z. Journal of Affrieulture.** 


Fio. 2. — Showing spreading habit.of growth of land-cress. 

prevented by a heavy infestation of land-cress, the seed of which readily 
germinates in the patches of bare ground in the open young pasture. Spring- 
sown pastures, especially following a crop of maize, which provides conditions 
for the prolific seeding of cress plants, suffer the heaviest infestations, but 
the cress plants may appear in abundance in autumn-sown young pastures. 
Mio(4) has observed the presence of 602 cress plants in one squarey ard of 
a spring-^^H pasture, the average of twenty-mur counts being 106 plants 
per square ^^rd. 
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The land-cress plant when crushed between the fingers has a strong 
odour, and m.4he mouth a strong sharp burning taste somewhat resembling, 
but less clean and appetizing than, that of garden-cress. The odour is 
noticeable on a warm day in the atmosphere above a heavily infested area. 
When the plants are consumed by milking-cows a strong flavour may be 
imparted to the milk and to the dairy product manufactured from it : - 

{a) Milk or Cream . — Cress flavour is not readily detected in raw milk 
or cream, but becomes much more apparent after pasteurization 
at a high temperature. The reason for this has not been clearly 
established. The flavour is readily apparent in the cooled 
pasteurized cream. 

[h) Cheese. — Riddet and Valentine(5) have reported on the effect of 
land -cress on cheese flavour. Cress flavour was observed in the 
milk on six out of eight occasions when it was subsequently 
observed in the cheese. It was noticeable during, and still persisted 
after, flash-pasteurization of the cheese milk. The flavour in the 
immature cheese was described as ** pungent and biting, and 
was more noticeable in cheese of high acidity than in cheese of 
normal acidity. The flavour in the mature cheese was described 
by the Department of Agriculture Graders in London as unclean,” 
scorched,” or “ herby.” 

(v) Butter. land-cress flavour in butter was formerly described as 
’* burnt ” or “ scorched,” and was attributed to overheating during 
pasteurization. Now that the source of the taint has been 
recognized, the flavour in the butter is usually described simply 
as “ cress.” Land-cress taint causes more trouble in the butter- 
factory than in the cheese-factory, because the flavour is more 
easily apparent in butter than in the naturally more strongly 
flavoured cheese, and also because of the higher creRm-pasteuriza- 
tion temperatures which accentuate the flavour. The occurrence 
of strong cress taint in butter has a marked effect on the grade 
score, resulting in considerable loss to the butter-factory. Th^ 
tainting effect is so strong that 2 gallons or 3 gallons of tainted 
cream can affect the whole of the butter from a 3,000-gallon vat 
of cream. 


Detection of Land-cress Taint 

Land-cress taint, unless very strong, is difficult to detect in the grading 
of cold cream, and frequently escapes the notice of the cream-grader. A 
small quantity of cress-tainted cream can taint a very large volume of good 
cream, and the first evidence of the presence of land-cress taint in the cream 
may be in the hot vapours rising from the steaming of cream from the can 
or from the top of the open-surface water cream-cooler. It is then too late 
to segregate the cream-supply carrying the taint. In factories w’here^the 
cream-cooler used is of the closed type, as, for example, a plate cooler, or 
where the cream is drawn from the cooler unit of the vacreator at a low 
temperature, the presence of cress taint in the pasteurized cream may pass 
unnoticed, and the first intimation of trouble with cress taint may be the 
Grader’s report on the butter. Cress taint may, however, be noticeable 
in the warm water issuing from the first condenser-ejector of the vacreator. 
When cress taint is noticed in the pasteurized cream or in the butter, the 
usual practice in New Zealand factories is to heat a sample of each supply 
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of cream before the cream is g;raded and tipped/’ so that the cream 
carrying the taint can be segregated, ^veral systems of heating rapidly 
before grading have been in use : — 

(а) Heating of a sample in a butter-moiiture basin on a steam plate 

located near the cream-grader. In factories receiving cream at 
full speed, this method is too time-consuming. 

(б) A small vessel with running hot-water supply attached is kept beside 

the grader. A sample of cream is thrown on to the surface of the 
hot water. The full cress taint is immediately developed by the 
heat and is readily detectable. 



ii^G. 3. 

IHajflrani of Murray hot tester for iiwe in the ^radinM of cream. Teeter ruiwiat^ of a 12 in. lentil) of 
1 In. diameter tinned eopiier tube ftxen by nieaiiK t>f soldered brass rings inside a circular length of 2 in. 
plated brass tubing. The outside tube luis a steam inlet (X)nnectiou and valve at b, and a I in. outlet 
C C/Onnected to f in. galvanlaed pipe which ijcrves ae a stand to hold the tenter at a ecmvenleiit level fyoin 
the ground. The top of the eopiier pipe, is (u^mneeted to a copper fUnnel which tenniuates in an incurred 
top as shown, and is surrounded by a wide spreading cover. I) is a small conical spreader, supported 
in the centre of the funnel by a } in. copper tube connected to a water-tap. The si>read«fr Is a tinned 
brass (‘.one ]>ier(‘ed by four it in. holes bored so tliat the stream of water Issuing fn)m them will strike Just 
under the curved part< of the top cover. The cornier tube just below the spreader also has four holes 
staggered in jswltUm in relation to the holes through the sprier, and iMired so that the stream of w'nter 
from them strikes the tinder-surface of the spreatler and is diverted downwards. 

The Jacket is filled with w^ater at about 180-190'* F. A spoonful of the cream to lie graded is tlirown 
on to the spreader, which distributes it over the lower portion of the fhnnel when It nins down over the 
hot tubes. 1'he natural up-draught of air canies the vapours out of the top of the tube, where the cress 
can be detected by the odour, 'fhe top A is then turned pn for a few seconds to wash the (‘ream to waste. 


. (c) A sfiecial “ hot tester,” as developed by Mr. H. Lamont Murray, is 
installed beside the grader (see Fig. 3). A spoonful of cream is 
thrown on to the teater, and the vapours rising from the cream 
are carried upwards by the natural draught created by the heat. 
The device can be flushed with water after each grading. 

* (d) A hot tester ” developed by Mr. Ward, manager of New Zealand 
Co-operative Dairy Co., Te Awamutu Branch (see Fig. 4). 
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In the butter-factory the normal process of treatment of cream by steam 
distillation in the vacreator, which suffices to remove a number of off-flavours 
from the cream, will not remove land-cress taint. Part II of this series 
describes attempts to define the chemical nature of the substance or sub- 
stances causing land-cress taint, and later papers will describe attempts 
to devise means for removal of the taint from tainted cream. Contem- 
poraneous with this work a study has been made of the effect of controlled 
grazing of cows on infested pastures on the incidence of cress taint in the 
milk and cream (Part III of this series). The work has been greatly liampered 



Fio. 4. 


liot teatner for <Setect>iiiK laiul-creKK taint in cream, coii8ihtiii|£of n len^ti of .1 tn diantcter amliv-s 

4teel tubing, fitted with a union plug at each end, aiui \^ith Hteain (^iinectioii'i und \h1vc •'(town. 

The 3 lit. pipe has a sniaJi indentat ion at the top. The cream to graded is piacc<i m this indent at ion 
and, with steam turned on to the unit, rapidly rcaciieH l>oiling-}H)lnt . Tlie de\ ice is ejisllv rleaiieti \n \\ ipiiig 
with a damp cloth or, if necessary, Hcrubtdug by meatiH of a steel " mit.’‘ 

by the difficulty of obtaining reliable assessments of the strength of cress 
taint. The grading of one sample of tainted cream or butter leaves a residual 
after-effect, which tends to disturb the grading of later samples. rrocter{6) 
found with camomile (mayweed) taint that, after tasting one samjile of 
tainted milk, one cannot rely on one’s sense of taste. Without a satisfactory 
means of obtaining even a reliable rough quantitative com]>arison it has 
been difficult to make the desired progress with the work. In this respect 
elucidation of the chemical nature of the tainting material should be of 
great assistance. 
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II. THE ESSENTIAL OILS OF LAND-CRESS {CORONOPUS DIDYUV8) 
AND OF GARDEN-CRESS (LEPIDWM SATIVUM) 

Land-cresB contains a mustard-oil glucoside and also a myrosinase wliich 
oan cause 'fission of the glucoside, setting free the mustard-oih when the 
leaves are crushed to give contact between glucoside and enzyme. The 
ohemical nature of the glucoside in land-cress has not previously been studied, 
but information is available on the composition of the glucosides of a number 
of other cresses. Garden-cress {LepiAium sativum) and Indian cress or 
ordinary garden nasturtium {Tropaeolum tnajus) contain the benzyl mustard- 
oil glucoside (Gadamer(7) ). Watercress {Nasturtium officinale) and winter- 
cress (Barbarea praecox) contain the phenyl ethyl mustard-oil glucoside 
(Gadamer, loc, ctV.). Scurvy-grass {Cochlearia officinalis) contains the sec.- 
butyl mustard-oil glucoside. Hoifman( 8 ) steam distilled watercress plants 
and obtained an essential oil consisting mainly of phenyl propionyl nitrile. 
Gadamer(7) found that when finely comminuted watercress plants were 
steam distilled, an essential oil was obtained consisting of phenyl ethyl 
isothiocyanate, whereas steam distillation of the whole- i.e., uncrushed — 
plant gave the nitrile as found by HoflTman. Similarly, when the seeds of 
garden-cress were steam distilled after grinding they yielded an essential 
oil consisting mainly of benzyl isothiocyanate (Gadamer(7) ), whereas when 
they were steam distilled without grinding the essential oil consisted almost 
entirely of benzyl cyanide. Gadamer attributed the difference to the effect 
of grinding or mincing in bringing the myrosinase enzyme into contact with 
the glucoside, so setting free the isothiocyanate, whereas direct steam 
distillation caused a different fission of the glucoside, resulting in the 
formation of the nitrile. Ground Tropaeolum seeds also yield benzyl 
mustard-oil on steam disti]lation(7). Gadamer attempted to isolate the 
benzyl mustard-oil glucoside from garden-cress and Tropaeolum seeds, but 
obtained only a syrup containing 25 per cent, to 30 per cent, of the glucoside. 

Isolation of the Essential Oil of Land-oress 

(1) Direct Steam Distillation of the Vncrushed Plant 

The material used consisted of large cress plants, still fresh and green, 
but with the characteristic long trailer vines and some flowers and seeds. 
A total quantity of 140 lb. in four lots was distilled with steam from a separate 
boiler. Distillation was accompanied, in the early stages particularly, by 
copious evolution of sulphur-containing gases. The distillate was turbid 
and showed a small amount of free oil. The oil was removed in a separating- 
funnel and the aqueous portion was extracted twice with petroleum ether 
{b.p. 4O~fi0^ c.). From the distillation pf each 35 lb. of cress, 15 1. of distillate 
were collected. The separated oil was added to the petroleum-ether extract 
and was dried over sodium sulphate. The petrol ether was removed on the 
water bath and finally under reduced pressure, leaving 13*9 g. of a brownish- 
coloured oil, n p" 1*5237, d J 5 I 1019. The yield of oil was 0*022 per 
cent. The crude oil contained both sulphur and nitrogen, and also a small 
amount of crystalline material which was filtered off. Distillation of the 
oil under reduced pressure gave three fractions : — 

1. -103710 mm. 3 fr, n ^ 1*5215. 


2. 103-105710 mm. 

3. 106-108710 mm. 


6 g.,n^ 1*5230. 
2g.,n^^ 1*5232. 
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Sulphur was present in fraction 1, but not in fractions 2 and 3. The 
constants of the oil agreed closely with those for benzyl cyanide (b.p. 
107yi2mm. n^'’ 1*5210, d 1*021) (10), and hydrolysis of a portion of 
fraction (2) with sulphuric acid gave phenylacetic acid m.p. 73"^!^ (correct 
for phenylacetic acid 76° c.). The oil obtained by direct distillation of 
uncrushed land-cress plants was thus mainly benzyl cyanide. The crystals 
separated from the oil were found to be phenylacetic acid. 

Cress plants from the Bay of Plenty district, at a time when trouble 
from cress taint in cream was very prevalent, gave a similar yield of oil 
consisting of benzyl cyanide. 


(2) Direct Steam Distillation of the Comonnated Plant 

The plant material (4*3 kg.) was passed through a chopper and then 
through a mincer, which caused exudation of most of the plaiit luice. The 
juice was added to the finely divided jdant and was left in contact for five 
hours. The material was then transferred to a 10 1. flask and distilled in 
sUiam for two hours. Three litres of distillate w'ere collected. The oil sus- 
jiended in the distillate was extracted with petroleum ether as before. 
Yield of oil, 1*60 g., (H)37 per cent. The oil contained a small amount of 
crystalline material, which was filtered off. The refractive index was nH‘J 
1*53(K1, d ijjj; 1*032. The oil from the finely divided ])lant material was thus 
also mamlv benzvl cvanide. 


(3) Indirect Isolation of the Isothiocyanaie 

Since it W’as not found jiossible by direct steam distillation to obtaii^ 
the isc ►thiocyanate from the land-cress plant, an indirect method \va> 
employed using the sequence of reactions described by (hidamer(7), who 
shcnved that mustard-oil gluc(»sides form insoluble silver salt'-^ which aie 
decomposed by sodium thiosulphate to yield the fre(» mustard -ml - 


AgNOg + glucoside 


^ O.SOa.OAg 

- +KNO3 

, ^ 0.80,.0Ag • 

C - S.Ag 

N.CH,.C,H, 

^ O.SO,.OAg . O.SO,.ONa 

C — S.Ag + Na,8,0, — ^ C - S.Na + Ag,S,0, 


NCH,.aH. 


^ N.CH,.C«Hs 
S.C.N.CH,.C,H, + Na,S0, 


The uncrushed cress plants (20 kg.) were steeped in boiling alcohol t<» 
destroy enzymes. They were then sucked dry of alcohol in a Buchner funnel 
and were passed through a mincer. The minced material w*as extracted 
with two further quantities of hot alcohol. The alcohol solution w^as allow^ed 
to stand for some time, and the supernatant clear portion was siphoned off. 
The lower portion, which consisted of a sludge of plant tissue, w*as centrifuged 
and the clear alcoholic layer was combined with the portion separated by 
siphoning. Silver nitrate (1,500 ml. of 20 per cent, solution) was added 
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to the combined alcoholic extracts, yielding a copious precipitate of a dark- 
coloured silver salt which was allowed to settle overnight. The clear 
supernatant liquid was siphoned off and the silver salt was separated from 
remainder in a centrifuge. The cake of silver salt was washed twice 
by mixing with water in the centrifuge tubes, and was then decomposed 
by addition of sodium thiosulphate (1,500 ml. of 40 per cent, solution), 
A strong odour of mustard-oil was immediately apparent. Previous trials 
had shown that direct steam distillation in presence of the sodium thio- 
sulphate resulted in destruction of the mustard-oil. The mustard -oil was 
therefore extracted several times with ether. Care in shaking was necessary, 
to avoid the development of intractable emulsions. Direct fractional 
distillation of the residue from the ethereal extract had been found to give 
trouble through undue frothing and some decomposition. The residue was 
therefore steam distilled. The distillate contained a visible oil which was 
separated in a separating-funnel. The aqueous portion of the distillate was 
extracted three times with petroleum ether, and the extract was combined 
with the separated oil. Removal of the solvent, after drying over sodium 
sulphate, left 5*8 g. of a clear oil with a sharp radish odour. The yield was 

0- 029 per cent., d,|2! M23, nfj' 1-6010, b.p. 121-140712 mm. The 
constants agree closely with those of benzyl isothiocyanate (d 40 " 1-125, n 

1- 6035, b.p. 121-125712 mm.), and the main fraction, warmed with alcoholic 
ammonia, gave a thiourea m.p. 162-163® c. (m.p. of benzyl thiourea, 165° c.). 

It is clear that land-cress resembles garden-cress in containing a benzyl 
mustard-oil glucoside. 


QrAXTlTATlVE ESTIMATION OP BeNZYL TsOTHIOC’YANATE IN THE 

Cress Plant 

The effect of ingestion of land-cress taint by the cow on the flavour of 
cream appears to vary with the season. It therefore became important 
to know whether there was any seasonal variation in the amount of mustard- 
oil glucoside present. For this purpose, the method of isolation of the 
mustard-oil through the silver salt was carried out on a quantitative 
basis. vThe method was checked as follows : — 

Six 250 g. quantities of micrushed land-cress were each steeped in 600 ml. 
of boiling alcohol, and the alcohol was separated as before. The cress-planta 
were passed through a juice-extractor, vrhich crushed out most of the juice. 
The solid residue was extracted with a further 300 ml. of hot alcohol. For 
purposes of checking the accuracy of the method of isolation of the isothio- 
oyanate, the six extracts were combined and divided again into six equal 
portions. Each of these portions, after being treated separately with 
150 ml. of 10 per cent, silver nitrate solution, was centrifuged for separation 
-of the silver salts. The silver salts were decomposed with 200 ml. of 20 per 
cent, solution of sodium thiosulphate. The isothiocyanate was extracted 
with 1 1. of ether and was steam distilled, 300 ml. of distillate being collected. 
The condenser was then washed down with petrol ether, and the distillate 
extracted twice with 300 ml. of petrol ether. The petrol-ether solution was 
-dried over sodium sulphate. Three methods of estimation of the isothio- 
-cyanate were then applied in duplicate to the six quantities of residual oil 
obtained : (a) direct weighing of the oil after removal of petrol ether to 
^sonstant weight under r^uced pressure ; (h) esUtnoMon of nitrogen by the 
JSjdd^M method (previous trials had shown that allyl thiocyanate could be 
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accurately estimated by the Kjeldahl method) ; (c) qumdiiatur ronrerswn 
to the benzyl thiourea by heating with alcoholic ammonia ami weighing the 
thiourea produced. The following results were obtained : 

(a) By direct weighing — 

0-1578 g. oil == 0-063 p«r ceut.\j, 

0-1668 g. oil = 0-067 per cent./” ’ ' 

{b) By Kjeldahl estimation of nitrogen in oil isolated under {a) - 


(H)b9 per cent. 

' ^ >Mean, 0*0b4 per cent. 


;:}m. 


an, 0-057 per cent. 


0-058 per cent. 

(c) By conversion to thiourea 

0-1948 g. thiourea ~ 0-070 per cent.^ 

0-1760 g. thiourea - 0-fH)3 per cent. 

The degree of agreement shows that the isolation of isothiocyanate 
from the plant glucoside solution gave reasonably uniform results ov(»r the 
six extractions and that the three methods of estimation were (»qually 
applicable. In subsequent work, estimations were made by direct weighing 
of th<‘ oil, followed by a Kjeldahl estimation of nitrogen as confirmation of 
the complete removal of petrol ether and of the composition of tht‘ oil as 
mainlv the i.sothiocvanate. 


ISOTHIUCVANATK CONTENT OK THE LaND-ORKSS PlANT AT UlKFEHENT 

Seasons of the Year and .^t Different Staoes of (trowth of the 
• Plant 

As will be shown in a later paper of this series, tin* eftect of ingestion ol 
land-cress by the cow on the incidence of land-cress taint in the milk or 
cream is not uniform. Many instances can be (juoted where land-cnvss has 
been consumed by cows without the appearance of the taint m the milk or 
cream. Ingestion of the plant produces the taint more regularlv during the 
spring months than later, and after the end of December in most seasons 
the plant seems to be fairly innocuous to the quality of the cream and biitt»*r 
(this was not so during the 1945 46 season). In dry sea.sons the jilant 
reaches maturity more quickly and further germinations of seed do not 
take place. Hence plants consumed by ctiws during the latt* summ<*r and 
autumn months are likely to be long, sUilky, and fibrous, conqiared with the 
fresh young leaves of the early sjiring growtli. By use of th(* rough (juanti- 
tative method described above, comparisons have been made of the isothio- 
cyanate content of the plants at various stages of growth and at varioii-^ 
times during the season. 

{a) Freak Young Plants compared wdh Larger Oblrr Plaids eaidatiuhg 
Fibrous Stems, taken at the same Time, -The results were : 


Iwjtliiix-VHiuite (foment . 


iH-MTiptUm of PiHlit8. 

, llv welKhinu 

Ry Xltroneii , 


' of on 

Estimation on r 

V\era};<‘ 


1 ifolsted 

1 the on j 

(|W'r ( ent.) 


1 (iterOiit.). 

1 (nerreut.l 

8mall freah plants . . 

0-045 

0 045 i 

0*044 

Larg« plants 

0-059 

0-053 j 

! 

0-050 
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There was thus a larger content of giucoside in the older plants. As 
these latter would probably contain a smaller proportion of water, the 
difference would scarcely be significant on a dry-matter basis. 

(6) Mature Dry Stalky Plants collected in January, — The isothiocyanate 
content was found to be 0*034 per cent. 

(c) Mixture of Fresh and Mature Samples collected in March during a 
Wet Season (194/S). — The isothiocyanate content was found to be 0*046 per 
cent. 

There was no significant difference in the isothiocyanate content of the 
plants at the different stages of growth. 

Ether Extraction of the Minced Plant 

Four kilogrammes of fresh plant collected in March, 194fi, were minced and 
then macerated with water for eight hours. The aqueous portion was 
separated from the plant material by filtration, and was extracted several 
times with ether. The ether was removed, and the residue, still containing 
chlorophyll, was steam distilled. Petrol-ether extraction of the distillate 
gave 0*014 per cent, of oily residue, n 1*5159. The extract was thus 
mainly benzyl cyanide. A second trial gave 0*014 per cent, of oil, 
n jj* 1*5401, with an odour of both benzyl cyanide and benzyl isothiocyanate, 
in keeping with the indication of the refractive index. 

Ripened Land-cress 8ekds 
(a) Alcoholic Extraction 

Ripened land -cress seed was ground in a Wiley mill to give a coarse 
powder in which all the seeds were broken. The powder (5 kg.) was 
extracted twice, over one and one-half hours, with 3 1. of hot alcohol, the 
alcohol w^s removed each time through a Buchner funnel under reduced 
pressure, and the residue was washed with hot alcohol. The extract (8 1.) was 
clarified, first by decantation after two days’ standing, and finally by 
centrifuging the sludge. The clear extract was used for estimation of 
isothiocyanate as detailed above. In this way 3*2 g. of golden-yellow oil 
were obtained, n p'' 1*5980, d 1*126. The oil was thus mainly benzvl 
isothiocyanate, the yield being 0*064 j:)er cent. 

(/>) Direct Steam Distillation 

Two and a half kilgrammes of seeds were steam distilled directly without 
grinding. Estimation of thv distillate with petrol ether as before gave 
1*08 g. (0*043 j)er cent.) of oil, n 1*5204. The oil thus was mainly l>enzyl 
cyanide. 

(c) Direct Steam DistilUUion of the Ground Seeds after Maceration in Water 

Two and a half kilogrammes of seeds were ground in a Wiley mill. Water 
was added to c^ver the seed, and the mixture was allowed to stand for six 
hours. Extraction of the distillate gave 1*69 g. (0*068 per cent.) of oil, n 
1*5215. 'The oil thus was almost wholly benzyl cyanide. 

Essential Oil of Garden-cress 

During the course of the work on land-cress taint in cream in relation 
to butter quality it became necessary to compare the effects of ingestion of 
land-cress and of garden-cress by the cow on the flavour of cream and butter. 



1947] McDowall, Morton, and McDowell. -Land-cress Taint 315 
IN Cream and Butter 

Simultaneously with these feeding trials, the nature and content of the 
essential oil in the garden-cress material used was estimated by methods 
similar to those described above for land-cress : — 

(1) Steam Distillation of the Uncrushed Plant.- Four and a half kilo- 

grammes in a 101. flask gave 0*99 g. oil, yield 0*022 per cent., 
n 1*5219, d IJo 1*021. The oil was therefore benzyl cyanide 
in agreement with the flndings of Hoffman(4) for steam distillation 
of garden-cress. 

(2) Steam Distillation of CommimUed Garden -cress. -Carden -cress (4*.5 kg.) 

was comminuted in a mincer and allowed to stand for eight hours. 
Steam distillation gave a turbid distillate, but with no visible oil 
droplets. Extraction of the distillate gave 0*16 g. oil, yield 
0*003 per cent. The oil gradually solidified, and was obviously 
not benzyl isothiocyanate. The finding of (Tadamer that .steam 
distillation of finely divided garden-cress seeds gave befizyl 
isothiocyanate was thus not confirmed for the fresh plant material. 

(3) Extraction of 9 kg. of garden-cress plant with hot alcohol, and treat- 

ment with silver nitrate and sodium thiosulphate as described 
above, gave 2*67 g. of a clear yellow oil, yield ()*0.3() per cent., 
n 1*6003, d 1*124. The oil had the odour and the physical 
constants of l>enzyl isothiocyanate and gave benzyl thiourea with 
alcoholic ammonia. 

It is aiiparent, therefore, that land-cress and garden-cress yield approxi- 
mately the same proportions of benzyl cyanide on direct steam distillation, 
and of benzyl isothiocyanate by the silver-salt method. The only difference 
noted was the peculiar burnt ’* odour of the land -cress oil obtained by 
direct distillation. This odour was not present in the oil obtained bv the 
same method from garden-(Tess. 
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THE THIAMIN, RIBOFLAVIN, AND NIACIN 
CONTENT OF SOME NEW ZEALAND MILKS 

By F. H. McDowall, Daby Research lostitute (N.Z.), N. 0. Bathurst, 
Plant Chemistry Laboratory, and I. L. Campbeli., Dairy Researoh 
Institute (N.Z.), Dejwrtment of Scientific and Industrial Research, 
Palmerston North 

[Received for pMirniion, 10th Septetniter, 1040] 


Summary 

Thiamin was estimated by the iiiiorimetric methcxl^ and riboHaviu and uiaoin 
were estimated miorobiologically. Thiamin and riboflavin contents of Jersey 
milks were regularly higher than those of Friesian milks, but niacin content was 
independent of the bre^ of cow. 

Feeding of meals to cows on pasture appeareil to cause a rise in thiamin 
content of the milk from Jei*8ey cow’s, but not from Friesian cows. The 
riboflavin and niacin contents of the milks were not aftected. 

Wintering of cows under poor conditions did not aflFect the thiamin, 
riboflavin, and niacin contents of the milks as comparwl with wintering under 
good conditions, when the two grou|)s were ki'pt under the same feeding 
conditions during lactation. 

The samples analysed repivsent composites from groups of four to twelve 
cows. 

The thiamin content of Jersey milk variwl from l)‘032 mg. to (>*D88 mg. per 
100 ml., average over the .six groups, 0*04Kl mg. per 100 ml. ; and of Friesian 
miflL, from 0*029 mg. to 0*050 mg, per 100 ml., average over the four groups, 
0*0414 mg. per 100 ml. 

The riboflavin content of Jersey milk varied from 0*19 mg, to 0*33 mg. pc*r 
100 ml., average over the six grfUips, 0*255 mg. per UK) ml. ; and of Friesian milk, 
from 0*14 mg. to 0*28 mg. per UK) ml., average over the four groups, 0*194 mg. 
per 100 ml. 

The niacin content of the milks varied from 0*08 mg. to 0*15 mg. per UK) ml., 
average over all the groups. 0*10 mg. jier 100 ml. 

Thjb content of water-soluble vitamins in cow’s milk has already been studied 
in other countries, but results are not available for freshly jirodut^ed New 
Zealand milks. The present paper gives the results for thiamin, riboflavin, 
a-nd niacin estimations in milks from several separate sections of the herds at 
Massey Agricultural College and the Dairy Research Institute (N.Z.) during 
the years 1944 to 1946. The groups were selected for various trials in general 
dairy husbandry practice, which will be reported on elsewhere. Since these 
trials called for the regular weighing, sampling, and analysis of the milks 
from each cow in each group, the opportunity was taken to collect group 
samples for vitamin estimation. 


Sampling and Analysis 

The milk from each group of cows was sampled at the morning milkiug. 
Houston et al{l) found that the total thiamin content of milk did not vary 
^atly with variation of the period between milkingB, and Theophilus and 
jitamWg(2) have shown that the riboflavin content of momiiig, noon, and 
night milks taken on the same day was constant within the limits of 
experimental error. A small amount of the production of each cow was 
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•collected in an amber-coloured sample bottle to give a proportionate sample 
for the group. Samples were taken once fortnightly throughout the lactation 
period and were analysed immediately by one of us (N. 0. B.) at the Plant 
CJhemistry Labo^ato^}^ 

Yields of milk and fat contents of the milk were measured twice weekly. 
From these figures the yearly average production of milk and butterfat, and 
so the yearly average fat test of the milk, were calculated. Similarly, values 
for the yearly average vitamin content of the milks of each group have Ix^en 
•calculated from the total milk production for each fortnight (one week on 
each side of the 8ain])ling date) and the vitamin content of the milk. 


Description of the Separate Groups of Cows 

Series /. — Two jjaired groups (A and B), each of twelve .lersey cows 
calving in the s])ring months, and tw^o similar groups (E and F), each of 
four Friesian cows, were fed : ~ 

Group A : On normal pasture, with the usual hay, silage, given feed, 
or root supplement as available and as required. 

Group B : On the same feeds as for Grou}) A, with, m addition, some 
meals at each milking. 

Group E ; As for Grouf) A. 

Group F : As for Group B. 

It was assumed, as an average working basis, that the feeds supplied 
from normal sources were sufticient for body maintenance and for production 
of 2 gallons of Jersey and of 3 gallons of Fnesuin milk. For production 
beyond this level, meals were fed to Groups B and F at a rat-(‘ of l-o lb. per 
gallon of Jersey milk and 3*8 lb. per gallon of Friesian milk, with a minnnum 
amount of 4 lb. jier cow per day. 

The meal used had the following composition (figures in p(‘rcentages) : 
barley-meal, 20 ; w^heat-meal, 20 ; bran, 20 : oats, 10 ; pea-meal, o ; 
linseed-cake, 25. The calculated starch e<|uivalent of the meal was HO. 

Series II. -The trial was similar in scope to the S(*ries 1 trial, but the 
C/Ows were autumn calvers and they >vere feci meals only during the ]>eriod of 
winter scarcity of feed— viz., from May until 19th October. Each group 
consisted of four cows, as follows : 

Group C : Four Friesian cows on ordinary diet . 

Group I) ; Four Friesian cows on ordinary diet plus meals. 

(4roup E : Four Jersey cows on ordinary diet. 

Group F : Four Jersey cows on ordinary diet })lus meals. 

Series 7/7. - Two paired groups, each of eight .lersey cows, were used. 
One group (HP) was fed on a high plane of nutrition during the winter dry 
period and came into profit in good condition. The second group (LP) w’as 
fed on a low plane of nutrition during the drv period until calving-time and 
came into profit in relatively |>oor condition. Thereafter throughout the 
lactation period the two groups were kept under exactly similar feeding 
•conditions. 
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Methods of Estimation op Vitamin Content 

Thiamin , — Ten millilitres milk and 20 ml. 0*25 n-HC 1 were autoclaved 
for fifteen minutes at 15 lb. pressure. After cooling, the extract was brought 
to pH 4*5, 0*25 g. clarase was added, and the mixture was incubated at 
37® c. overnight. The contents of the fiask were then made to 50 ml. and 
centrifuged, and the clear aqueous portion was used for the analysis. The 
fluorimetric method of Hennessy and Cerecedo(3) was used, the absorption 
step being omitted. The fluorescence was measured visually by the method 
of Harris and Wang(4). 

Riboflavin , — Five millilitres milk were autoclaved with 50 ml. 0’25 n-HC 1 
in an amber glass flask for fifteen minutes at 15 lb. pressure. After cooling, 
the extract was brought to pH 6*8, made up to 1(X) ml., and centrifuged. 
The clear aqueous portion was taken for the assay, for which the micro- 
biological method of Snell and Strong(5) was used. The extracts were at all 
times protected from excessive light. 

Niacin , — The extracts were prepared exactly as for riboflavin, except 
that protection from light was unnecessary. . The method of assay (micro- 
biological) was that of Snell and Wright(6). . 

ReSULTvS 

The yearly average thiamin contents of the milks, calculated from the 
fortnightly milk-production and thiamin-content figures, are shown for the 
three groups in Table I, and the fortnightly results are plotted for the three 
groups in Fig. 1. 


Table I. — Yearly Average, Minlmi m and Maximum Thiamin (\>ntkntm of Milks 

FROM EACH (fRori* OF ('’OWS IN THE THREE SeBIKM 









'I'hiainiii Cfmteut. 




Bre<*d 
(►f . 

Nttnit)er 

Niimbi*r 

Yearljr 

AveriMfp 

Fat 

TPKt 

(MilUitrams per UMI ml.) 

Year. 

Serieh. 

Group. 

of 

of An- 






COWH, 

alVHPH. 

Yearly 

Mini- 

Maxi- 







A\eraue. 

muni 

iniiiii 

1944-45 

I 

A 

.Jersey 

12 

20 

.5- 17 

OCKtl 

0-032 

0 <151 


(spriii#^ 

11 

Jersey 

12 

20 

4-99 

0-040 

0-032 

0-056 


calverH) 

E 

Friesian 

4 

20 

3-44 

0 039 

0-032 

0-051 


F 

Friesian 

4 

20 

3 51 

0-038 

0-029 

0*048 

l»45-4« 

11 

V 

Friesian 

4 

20 

3*71 

0-044 

0-040 

0-048 


(Hiituinn j 

1) 

Friesian 

4 1 

20 

3-71 

0-044 

0-038 

0*05(i 


ralvcrn) 

E 

Jersey 

4 

20 

5-4.5 

0-0.55 

0-045 

0*075 



F 

Jersey 

4 

20 

6-53 

0-059 

0-048 

0*088 

1945-40 

III 

HP 

Jersey 


17 

5*28 

0 049 

0-042 

0*058 


1 

LP 

.Jersey 

8 

17 

6-40 

0-051 

0-043 

0*(KH 


Average Yahien , — The average values for thiamin content are of the same 
order as those quoted for milks in other countries. Sherman, for example(7), 
quotes the range of values within which the average for milk will probably 
be found as 0'040 mg. to 0*065 mg. per 100 g., and the Bureau of Human 
Nutrition and Home Economics of the United States Department of 
Agriculture, in co-operation with the United States National Research 
Council(8), quote the average value for whole milk as 0*04 mg. per 100 g. 
Bitter(9) quotes 0*048 mg. per 100 g. for Swiss whole milk. Holmes 
ii{(10) found the average value for late summer milk from a mixed herd 
of cows to be 0*044 mg. per 100 ml., Keiidall(ll) found values for raw milk 
ringing front 0*041 mg. to 0*048 mg. j>er 100 ml., and Pearson el a{(25)^ 
ifeport^ an average value of 0*38 mg. per 100 ml. 
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Effect of Feeding Conditions on Thiamin Content 

The supplementary feeding of meals to Friesian cows had no apparent 
effect on the thiamin content of the milk, either during summer or winter 




Sampling dAU 


Flo. 1. — Thiamin (?ontent of mixed milks from each group of co%\s in the thre<‘ stones 
of trials. 

Series 1 and II . . Cows fed on |wsture. 

Cows ftnl on pasture plus meals. 

Series III , . Cows winterwl on low plane of nutrition. 

(Viws winteml on high plane of nutrition. 

feeding conditions (Bcries I, E and F ; Series 11, C and I) ; Table 1 ; and 
Fig. 1). The milks from both groups of Jersey cows given a sujiplement of 
meals, on the other hand (Series I, B. and Series II, F). had higher thiamin 



320 


N.Z. Journal of Soiskck and Tbchnoi^oof [Fbb^ 


content than the milks from the corresponding groups of Jersey cows on 
ordinary diet. The difference in yearly average thiamin content of the milk 
was 0005 mg. and 0*004 mg. j)er 100 ml. respectively. The difference in the 
yearly average thiamin content for Series I is a reflection of differences 
persisting throughout the lactation j)eriod. The difference for the Series II 
results was greater during the early portion of the lactation — i.c.,' at the 
time when the supplementary feed was given — than in the later portion of 
the lactation following the cessation of supplementary feeding on 20th 
Octol>er. It does appear, therefore, that the feeding of meals to Jersey 
cows on pasture caused a rise in thiamin content of the milk. The reason 
for the absence of effect of the supplementary feeding on the thiamin content 
of Friesian milk is not apparent from the trials. Kon(l2), reviewing the 
literature on the subject, states that the thiamin content of cow’s milk is 
remarkably independent of the feed, and that thiamin in all probability is 
formed in the rumen by bacterial synthesis. Holmes e/ «7(13) found no 
difference following transference of cows from dry feeds to rapidly growing 
youiig pasture, but Houston ei al(\) found higher values for a group of Short- 
horn cows fed indoors on dry feed than for a similar group at pasture. 

In the Series III trials there was only a slight difference (0*0()2 mg. per 
100 ml.) in the yearly average thiamin content of the milks from the two 
groups of cows, but this differtmce j)er8isted throughout the gr(‘ater portion 
of the lactation period. The higher values were obtained for the milks from 
the cows wintered under })oor feeding conditions. The milks from the low 
plane ” groups had the higher yearly average j>ercentage fat content, and 
the difference in thiamin content may be related to this factor, or may 
actually he an effect of the difference in feeding conditions, or may be (iue 
to random individual cow differences in so small a grouj). Further work 
would be necessary before any firm conclusions arc possible as to the regular 
existence of a difference in thiarniji content due to the difference in ctniditions 
of wintering the animals during the dry |)eru)d. 


Effect of STACiK of Lactation on Thiamin (Content 

The graphs in Fig. 1 show that in Series I trials there was a general full 
in thiamin content of the milk in the first month of lactation and a general 
rise during the last two months, but no general trend during the intervening 
months. In Series 1 1 trials the fall in the early stages of lactation occurred 
only in the milk from the .lerscT groups, and tlicTe was no rise at the end of 
lactation. The Series 111 results show the fall at the beginning of lactation, 
but no rise at the end of lactation. Houston ef al{l) found a sharp fall in 
thiamin content of milk during the first thirty to sixty days of lactation, and 
a slight rise towards the end of lactation (figures milligrams |)er KK) ml.), 
as follows : colostrum (excluding the first colostrum), 0*0fi~0*10 ; early- 
lactation milk, about 0*06 ; mid-lactation milk, ()*030~()*()35 ; latt‘-lactation 
milk, 0*()3(M)*40. Pearson et al(2b) found that the high thiamin content of 
the milk after parturition persisted for more than ten clays. 


Effect of Breed of Cow on Thiamin Content 

ComjMirisons of the thiamin content of milks from Jersey and Friesian 
cows kept under similar feeding conditions are available from the results 
in both Series I and Series II trials. The yearly average thiamin contents 
of the Jersey and Friesian milks wei;e : Series I, 0*0435 and 0*0185, 
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difference 0‘C05 ; and Series II, 0*057 and 0*044, difference 0*013. The 
Jersey milk thus had a higher yearly average thiamin content than the 
Friesian milk. This difference was persistent throughout the lactation 
period, as is evident from the graphs in Fig. 1. The reason for the much 
higher yearly average values for both the Jersey and the Friesian milks in 
Series II trials as compared with the Series I trials is not established. The 
yearly average fat tests of the Series II milks were higher, but the differences 
are not so great as the proportional differences in thiamin content. 


Summary of Discussion on Thiamin Content of Milk 

t 

The thiamin content of the New Zealand milks examined was within the 
range of values quoted for milks by overseas workers. Supplementary 
feeding of meals to cows at pasture increased the thiamin content of Jersey 
milk, but not of Friesian milk. Jersey milk had a higher content of thiamin 
than Friesian milk. 


Riboflavin 

The yearly average riboflavin content of the milks, calculated from the 
fortnightly milk-production and riboflavin-content figures, are shown for the 
three groups in Table II. The average values for the different herds are of 


Table II. — Yearly Average, Minimum and Maximum Ribofi.avin (Contents of 
Milks for each Group op Cows in the Three Series 



! 



1 

1 


Riboflavin Content of Milk 




Breed 
of Cow. 

Number 

Number 

(Milliin’aiUB per IbO ml.). 

Year. 

Serieis. 

Group. 

of 1 

of 




COWB. j 

AnalyseB. 

Yearly ! 

Mini- 

1 Maxi- 





] 


1 Average 

muni 

' luuiii. 

1944-45 

I 

A 

Jersey 

12 

20 

0 • 25 

0 -23 i 

0-27 


(spring 

calvers) 

i 

B 

Jersey 

12 

20 

0*25 

! 0-21 1 

I 0-34 


E 

Friesian 

4 

20 

0-20 

0*10 ! 

0-24 


F 

Friesian 

4 

20 

0-20 

0 10 

0*28 

1945-46 

II 

C 

Friesian 

4 i 

20 

0-20 1 

Ol.-) 

0-24 


(autumn 1 

D 

Friesian 

4 1 

20 

0-18 ! 

014 

0-22 


calvers) 

E 

Jersey 

4 1 

20 

0-27 i 

0*21 

0-33 


F 

Jersey 

4 

20 

0-25 

010 

0-29 

1945-46 

III 

HP 

Jersey 

8 

17 

0-25 

0-21 

0-31 



LP 

Jersey 

8 

17 

0*27 

0-21 

0*33 


the same order as those quoted for milks in other countries. Sherman (7^ 
quotes the range of values within which the average for milk will probably 
be found as 19 mg. to 24 mg. per 100 g., and the United States Department 
of Agriculture(d) gives the average value as 0*17 mg. per 100 g. Daniell and 
Norris(14) quote the average values for fresh liquid whole milk as 0*177 mg. 
per 100 g. Holmes et al(l0) quote 0*137 mg. per 100 ml., and Kou(12) states 
that mixed Tniiy in England contains about 0*15 mg. per KM) ml. when cows 
are on pasture and about 0*10 mg. per 100 ml. during the stall feeding period. 
Holmes and Holme8(15), found values ranging from 0*113 mg. to 0*175 mg. 

U— Sdioce 
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per 100 ml. for eighty samples taken during December, January, February, 
and March from cows on a diet of hay, wheat and g^ss silage, beet pulp, 
mangels, and ground grain. Stamberg and TheophiluB(16) found values 
ranging from 0‘156 mg. to 0‘178 mg. per 100 ml. for some mixed milks, and 
Pearson et aZ(25) found the average for normal mixed milk to be 0*177 mg. 
per 100 ml. 


Effect op Feeding Conditions on Riboflavin Content 

The supplementary feeding of meals to cows kept under normal New 
Zealand summer feeding conditions had no efPect on the riboflavin content 
of milk of either Friesian or Jersey cows (Series I, Table II, and Fig. 2). 
There was a slight difference — viz., 0*02 mg. per 100 ml. — ^in favour of the 
^oups not receiving meals for both the Friesian and Jersey milks in the 
Series II trials, and this difference persisted throughout most of the lactation. 
In view of the small number of cows in each group in Series II and the absence 
of an effect of meal feeding on riboflavin content in the Series T trials, the 
differences noted in the riboflavin content for the groups in the Series II 
trials cannot with confidence be attributed to the difference in feeding 
conditions. Whitnah et ai(17), however, found a slight increase in riboflavin 
content of milk when the cows were turned on to pasture. Hand and 
Sharp(18) reported an average riboflavin content of 0*164 mg. per 100 ml. 
for commercial milk samples from indoor-fed cows and 0*197 mg. per 100 ml. 
for pasture-fed cows — t.e., the commercial summer milk contained 20 per 
cent, more riboflavin than the winter milk (see also Kramer et al(l9 ) ) — and 
Houston et^ al(20) found a rise in tht riboflavin level of commercial milk in 
England coincident with the change from winter to summer feeding 
conditions. Houston et al{l) followed the riboflavin content of two 
groups of Shorthorn cows, one of which was turned out to pasture thirty 
days after calving, while the other was kept indoors for a further ninety days. 
The line on their graph for riboflavin content for the milk from the outdoor 
group diverged from the line for the group kept indoors immediately after 
the change in feeding conditions, and the riboflavin content of the milk from 
this group remained higher than that for the indoor group throughout the 
period of indoor feeding of the latter group. During the subsequent period 
when both groups were at pasture, the riboflavin content of the milks were 
of approximately the same order. Theophilus and Stamberg(2) found that 
supplementing a ration of hay and concentrates with sunflower silage caused 
within two days a 36 per cent, increase in riboflavin content, and the 
riboflavin content remained high so long as the silage was fed. Zollikofer 
and Richard(21), on the other hand, found little variation, on the average, 
between the riboflavin content of milks when cows were fed on hay (0*138 mg. 
and 0*156 mg. per 100 ml.) and when they were fed on three varieties of 
silage (0*147 mg., 0*161 mg., and 0*155 mg. per 100 ml. respectively), and 
Hand and Sharp(18) found no change in riboflavin content when cows were 
changed from indoor feeding on molasses silage or phosphoric-acid silage to 
outdoor pasture feeding. 

The milk from cows wintered on a high plane of nutrition (Series HI) 
had a slightly lower yearly average riboflavin content than the milk from 
cows wintered on a low plane of nutrition. This yearly average difference is 
the result of differences occurring in the milks at the beginning and towards 
the en4 of the lactation period (see Fig. 2). It is not established whether 
this difference is due to the variation in feeding conditions or to the lower 
flat content of the milks from the HF group of cows. 
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Fig. 2. — Riboflavin content of mixed milks from each group of cows in the three series 
of trials. 

Series I and II . . Cows fed on pasture. 

Cows fed on pasture plus meals. 

Series III . . Cows wintered on low plane of nutrition. 

Cows wintered on high plane of nutrition. 


11 
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The results for riboflavin content did not in any instance fall to the 
value of 0*10 mg. per 100 ml. quoted by Eon(12) for cows in England during 
the stall feeding period, and only in one sample did they fall below the 
average value of 0*15 mg. per 100 ml. quoted by Kon for cows at pasture 
in England. 


Effect of Stage of Lactation on Kiboflavin Content 

The variation in the riboflavin content with stage of lactation is not 
consistent in the three series of result^'. In Series 1 and Series III milks 
(Fig. 2) there was a definite rise in riboflavin content at the end of lactation 
which does not occur in Series II milks. This may be due to the balancing 
effect of any influence of feeding conditions on riboflavin content for Series III 
cows, whose lactations were completed in February. Apart from the 
end-of-lactation effect, there is no general trend of variation with stage of 
lactation deduciblc from the results. Whitnah et al(ll) found little difference 
between the average riboflavin content of milks drawn during the first five 
months of lactation and those drawn during the second five months. 
Theophilus and Stamberg(2) found that colostrum samples taken within 
ten hours after calving contained 2*5 to 3*5 times as much riboflavin as 
normal milk, but after six to eight days after calving there was no further 
decrease in the riboflavin content. Houston et al(l) found high riboflavin 
values for the first and second colostrum, but report that the concentration 
declined rapidly to normal milk values ; and Pearson et al(25) found that the 
riboflavin content of cows’ milk attained the level for normal milk within 
less than a week after parturition. 


Effect of Breed of Cow on Riboflavin Content 

The results for the Series I and Series II trials in Table I show a clearly 
defined difference in the yearly average riboflavin content of the milks from 
the different breeds of cows. In the Series I trials the yearly average riboflavin 
content for the Jersey group was 0*05 mg., and in the Series II trials 0*07 mg., 
per 100 ml. higher than for. the corresponding Friesian groups. The yearly 
average fat tests of the milks were 5*07 and 3*48 for the Series I trials and 
5*49 and 3*71 for the Series II trials respectively. The lines in Fig. 2 show 
that the differences persisted throughout the whole lactation, but in the 
Series I trial there was a greater increase in the difference with advance of 
lactation than with the Series II trial. 

The yearly average values for riboflavin content of milk from the 
individual breeds of cows was fairly constant over the three series of results — 
viz., 0*25 mg. to 0*27 mg. per 100 ml. for the Jersey cows and 0*18 mg. to 
0*20 mg. per 100 ml. for the Friesian cows — ^in spite of quite considerable 
variations in yearly average fat content of the milks from each breed of cow^ 

The difference found in riboflavin content of milks from the different 
breeds of cow is in line with the findings of other workers. Eon(12) states 
that the milk of cows of the Channel Islands’ breeds contains more riboflavin 
than that of other cattle, and that the summer value may be up to 0*25 mg. 
per 100 ml. Whitnah el al(17) report the following values (in milligrams 
per 100 g.) as the average of about forty analyses of milks from each group : 
experimental Holsteins, 0*143 db 0*053 ; herd Holsteins, 0*137 ± 0*043 ; 
Ayrshires, 0*1 17 ± 0*036; Guernseys, 0*153 ± 0*046; Jerseys, 0*173 ±0*042. 
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Hand and Sharp(18) found that Holstein milk contained, on the average, 
S3 per cent, less riboflavin than Jersey milk, and reported higher values for 
milks from each breed of cow under pasture-feeding conditions, as shown 
in Table HI. 


Table III. — Riboflavin Content op Milks fbom Different Breeds of Cows 
(After Hand and Sbarp(18) ) 



Stall-fed. 

PaHture*fed. 



MilllFraiiit) Kll)oflav!n 


Milligram^ Uiboflaviu 

Breed of Cow. 

Nuiiil>er 

per 100 ml. Whole Milk. 

Number 

per 100 ml. Whole Milk. 


of 



of 




Analyses. 



Analyses. 





Range. 

Average. 


Range. 

Average. 

Tersey . . 

25 

0- 155-0*342 

0*218 

24 

0*190-0*340 

0*237 

Guernsey 

14 

0*164-0*272 

0*191 

14 

0*141-0*252 

0*204 

Srown Swiss 

4 

0*180-0*208 

0*187 

5 

0*200-0*262 

0*237 

Ayrshire 

9 

0*126-0*208 

0*169 

10 

0*157-0*238 

0 197 

lolstein 

22 

0 060-0-231 

0*142 i 

73 

0*119-0*244 

0*164 

Vhole herd 

74 

0*060-0*342 

0*180 

76 

0*119-0*340 

0*204 


For comparison with these results the range of values for the two herds 
of cows in the present investigation are shown in Table IV. 

Table IV. — Range of Values for Riboflavjn Content of Jersey and Friesian 
Milks in the Three Trials 


Breed of Cow. 

a 

Serie«. 

NuiulMjr 
of (’ows. 

Number 

of 

Analyses. 

Minimum. 

Maximum. 

Yearly 
Average 
Uiboflaviu 
Content 
of Milk. 

1 

Jersey . . 

1 

24 

’ 40 

0*21 j 

0*34 

' 0*250 


11 

S 

40 

0*19 i 

0*33 

0*258 


HI 

16 

34 

0*21 

0*33 

1 0*260 

All Jersey results 


48 

114 

0*19 

0-34 

0*254 

Friesian 

I 

4 

40 

0*16 

0*28 

0*2(K) 


11 

4 

40 

0*14 

0*22 

0*190 

All Friesian results 


8 

80 

0*14 

0*28 

0*194 


The maximum values for the two breeds are thus of the same order as 
those recorded by Hand and Sharp, the minimum values being much higher 
than their minimum values, but whereas Hand and Sharp carried out their 
analyses on milks from individual cows (and it has been shown that the 
riboflavin content can vary widely with cow individuality), the results 
presented in this paper refer to mixed milks from groups of four to twelve 
cows. 


Summary of Discussion on Riboflavin Content of Milk 
The average values for riboflavin content of the New Zealand milks 
examined are within the upper range of values quoted for cow milks by 
overseas workers. Supplementary feeding of meals to cows kept under 
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summer feeding conditions had no effect on the riboflavin content of the 
milk. The small difference found for cows under winter feeding conditions 
(lower values for cows receiving meals) may not be significant, although it is^ 
in Kne with the findings of other workers that riboflavin content of milk is 
greater for cows on pasture alone than for cows on dry feeding alone. The 
consumption of meals by the cow may have reduced its appetite fojr pasture. 
There was no regular variation in riboflavin content with progress of 
lactation. Jersey milk had a higher riboflavin content than Friesian milk. 


Niacin 

The results are given in Table V and Fig. 3. The yearly average niacin 
content of the milks from the various groups of cows showed variations 
from 0*09 mg. to 0-12 mg. per 100 ml. of milk. There was no difference 
attributable to variations in the feeding conditions within each trial — 
i,e,, supplementary feeding of meals (Series I and II) and conditions of 
wintering the cows (Series III) — or to difference in breed of cow or fat content 
of the milk. The milks from the autumn-calving cows (Series II) showed a 
general slightly higher level of niacin content than the milks from the spring- 
calving cows (Series II and III), but again the evidence is not adequate 
to establish that this difference was due to difference in season of lactation. 


Table V. — ^Yearly Average, Minimum and Maximum Niacin Contents of Milks 
PROM EACH Group of Cows in the Three Series of Trials 


Year. 

Series. 

Group. 

Breed 
of Cow. 

Number 

of 

Cows. 

Number 
of An- 
alyses. 

Yearly 
Average 
Fat Test. 

Nlaoln Content of Milk 
(Milligrams per 1(X) ml.). 

Yearly 

Average. 

Mini- i 
mum. 1 

Maxi- 

mum. 

1944-45 

I 

A 

Jersey 

12 

20 

5*17 

010 

0-08 

013 


(spring 

B 

Jersey 

12 

20 

4'99 

0-09 

008 

Oil 


oalvers) 

E 

Friesian 

4 

20 

3-44 

0-10 

009 

013 



F 

Friesian 

4 

20 

3-61 

0-10 

0-086 

0125 

1946-46 

II 

c 

Friesian 

4 

20 

3-71 

Oil 

0-09 

013 


(autumn 

D 

Friesian 

4 

20 

3-71 

0-10 

0-08 

012 


calvers) 

E 

Jersey 

4 

20 

645 

Oil 

009 

016 



F 

Jersey 

4 

20 

6-63 

j 012 

010 

014 

1946-46 

III 

HP 

Jersey 

8 

17 

6-28 

0-096 

0-08 

010 


1 

LP 

Jersey 

8 

17 

6-40 

0-102 

008 

Oil 


A fall in niacin content with progress of lactation occurred for all four 
groups in Series I, but there was no regular change with progress of lactation 
in either the Series II or the Series III trials. Pearson et al(25) found no 
significant difference in the nicotinic acid content of colostrum and of 
normal milk. 

The average results for niacin content of the milks are in line with those 
reported for milks in overseas countries. The United States Department of 
A 9 eici]ltui!e( 8 ) quotes 0*1 mg. per 100 g. as the average niacin content, 
]£lme 8 et d(lb) found 0*11 mg. i 0*01 mg. per 100 ml. for late-summer 
milk frotn a mixed herd of cows in United States, Teply et al{22) found 
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0*08 mg. per 100 g., and Bailey et aZ(24) found an average value of 0*146 ing. 
per 100 ml. for the milks of six Ayrshire cows. McVicar and Berryman(23), 
in a review of the literature, place the probable average value at 0*1 g. per 
100 g., although values ranging from 0*05 mg. to 0*82 mg. per 100 g. have 
been quoted by various other workers (some of this reported variation 
appears to be due to errors of the methods used for estimation). 



Fio. 3. — Niacin content of mixed milks from each group of cows in the three series 
of trials. 

Series I and II . . (bws fed on pasture. 

Cows fed on pasture plus meals. 

Series HI . . Cows wintered on low plane of nutrition. 

Cows wintered on high plane of nutrition. 
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SOIL DISINFECTION 

VI. AN INJECTOR FOR APPLYING SMALL DOSAGES OF VOLATILE 
FUMIGANTS TO SOILS 

By H. Jacks, Plant Pathologist, and L. Wright, Technician, Plant 
Diseases Division, Plant Research Bureau, Department of Scientific 
and Industrial Research 

[Received for publication, 20th September, 1946} 

Summary 

An instrument for injection of controlled dosages of volatile liquids into 
the soil has been designed. A detailed description of the instrument is given 
and its performance in practice discussed. 

Introduction 

Volatile liquids such as chloropicrin, Shell DD, carbon disulpUdei methyl 
bromide, ethylene dichloride, and mixtures of these are used for soil dis« 
infection. They are injected into the soil, and it is essential that dosages 
for each injection be accurately measured and that escape of fumigant 
other than in the soil be avoided to ensure safe usage. 
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In experimental work a measured amount of fumigant was a]:)plied 
from a graduated burette into holes dibbled in the soil. This method was, 
however, too tedious for practical purposes, and several instruments subse- 
quently tested proved unsatisfactory. The requirements essential for 
effective application are enumerated below : — 

(1) Continuous operation, whereby liquid is drawn from a reservoir, 

(2) Accuracy of measurement of small dosages (2 ml. to 5 ml.) in 

successive injections. 

(3) Resistance to corrosive action of fumigants, particularly on the 

materials used for washers. 

(4) Tightness to prevent gas escape. 

(5) Ease of dismantling for cleaning purposes. 

The development of an injector possessing these essential features was 
found to be necessary. It was found that brass was sufficiently resistant 
to corrosion and was easily machined. Several models were made. The 
principle of using an air-cushion to expel the dosage required was found 
to be unsatisfactory, as the air tended to flow j)ast the liquid. Instruments 
in which the fumigant was required to flow through a spring-loaded valve 
into a measuring-chamber were unsatisfactory owing to the difficulty of 
securing the correct loading for accurate ojieration of the valve. 



Fio. 1. — The aR.semblec] soil injector. 


The instrument described below includes logical improvenumts. It is 
made of verv few parts, contains only one easily replaceabli* washer, and 
of the models so far tested has been found to give the most satisfiictory 
results. Several lubricants were tested, and of these, paraffin-oil alone 
<lid not cause gumminess. 


Description of Instrument 

This instrument is constructed as a hand-operated pump and includes a 
mechanism for the exact regulation of dosage rates. It consists of three 
parts: (1) the reservoir and cylinder; (2) the piston assembly; (3) the 
delivery tube and valve assembly. 

(ly The reservoir (A) is gas-tight and can hold over 1 })int (600 ml.) of 
fumigant. It is filled through an opening closed by cap (B), which also serves 
as air inlet. A cylinder (C) internally machined to fit the hand-operated 
piston (D) runs through the reservoir. Holes drilled in the cylind(‘r wall 
(G) connect the reservoir and the cylinder and are uncovered when the 
piston is fully raised. 

(2) The piston assembly comprises the piston (D), the sleeve (E) 
forming the upper and the adjustable collar (F) the lower limit for piston 
movements. The piston-rod is held in place by a retaining-nut and is 
provided with a hand-grip for manipulation. 
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(3) The delivery tube (H) fits into the lower end of the cylinder and is 
held in place by the retaining-nut (I). A replaceable packing washer (J) 
prevents leakage at this point. Depth of injection is regulated by the soil- 
depth gauge (K), which is adjustable along the delivery tube and can be 
■locked in the desired position by the plamping-screw. The lower end of 
the delivery tube (HI) is threaded (H2) to fit into the spearpoint (L2), and 
a groove (H3) cut below the threads is provided with a small hole (H4) 
corresponding with an outlet in the spearpoint (L4). 

The spearpoint (L) consists of body (LI), a recess (L2) drilled and tapped 
to fit on to delivery tube (H2), with clearance beyond the movement of 
valve (M2), a spring (L3), and (L4) a hole corresponding with the position 
of opening in delivery tube (H4). The spearpoint contains the valve 
assembly (M). 

The valve (M) is machined to slide into the lower end of delivery tube, 
and comprises the body (Ml), a shoulder (M2) limiting up and down 
movement, an J-in. -diameter hole drilled to a depth of A in. (M3), a 
groove surrounding the body (M4), (M5) a smaller hole connecting (M3) 
and (M4), and a nipple (M6) for location of spring. 

Operation 

^ Care should be taken to ensure that the liquid is free of impurities when 
^filling the reservoir. After filling the reservoir (A), the piston (D) is with- 
drawn to its upper limit. The holes (G) being uncovered, the fumigant 
fiows into the lower end of the cylinder (C) and the delivery tube (H). The 
spring-loaded valve (M) is then in its normal position and prevents leakage 
of liquid through the spearhead (L). A downward movement of the piston 
closes the reservoir outlet holes, moves the valve downward, and forces 
the liquid through the respective injection holes in the valve (M3), in 
delivery tube (H4), and in the spearhead (L4). When withdrawing the piston, 
the valve is closed by the spring and a partial vacuum in the cylinder is 
filled by liquid when holes (G) are uncovered by the upward stroke of the 
piston. Adjustment of the collar (F) controls the dosage rate from 1 ml. 
to 10 ml. per stroke. The depth of injection is determined by position of 
<K). 

After operation, the instrument is thoroughly washed out with kerosene 
or petrol and lubricated with paraffin-oil. Care should be taken to fill the 
space between the sleeve (E) and the cylinder (C) with oil to ensure 
continuous lubrication of the piston. 

Discussion 

The above instrument was used for injection of highly volatile fumi- 
gants into the soil. No difficulty was encountered in filling the reservoir, 
nor was there obvious escape of fumigant. It was found that quantities 
to within 98 per cent, of the amount required could be applied effectively. 
Although satisfactory in soils of good tilth, it is probable that with rough 
usage a more sturdy spike might be desirable. For this purpose a steel 
tube with a brass lining would probably be suitable. The above injector 
was, however, used in lawns in holes previously prepared by insertion of a 
steel rod. 

Leakages sometimes . occur through the lodgment of soil particles under 
the valve seat, but these are easily removed by a few strokes of the piston. 
After prolonged use, leakages sometimes develop at the delivery-tube 
connection. These can easily be avoided by the frequent replacement of 
the fibre washer. *For convenience of the operator an extension of the 
handle is desirable to reduce the need for stooping. It may also be found 
that a larger container, by reducing the frequency of refilling, would add 
to the efficiency of tibe injector. 
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A NOTE ON CRINKLE IN NEW ZEALAND APPLES 

By J. D. Atkinson, Plant Physiologist, Plant Diseases Division, 
Department of Scientific and Industrial Besearch 

[Received for pvblication, 30th Jvly, 1946] 

Summary 

Crinkle, a physiological disorder of apples, appeared in New Zealand during 
the summer of 1945-46. Affected fruit show external depressions and a shallow 
layer of necrotic tissue in the flesh. Similar trouble has been reported from 
Australia, tJ.S.A., and England. High temperatures aggravated by drought 
appear to oause the disease. 

An unusual physiological disorder of apples appeared on a small scale in 
several parts of New Zealand during the 1945-46 season. This particular 
trouble has not been recorded previously in New Zealand. 

Symptoms are briefly as follows. At maturity the fruit shows external 
distortion, generally at the calyx end. This may take the form of one small 
depression, a series of irregular depressions, or a continuous broad groove 
surrounding the calyx. In a few cases the skin above the depressed area 
appears dull brown, but more commonly it remains normal. The 
depressed areas are soft and spongy to the touch. Immediately beneath 
each depression lies a shallow zone of light-brown necrotic tissue. In 
typical specimens this necrotic tissue is spongy and split up by numerous 
large cavities (Fig, 1), but seldom extends more than 10 mm. into the 
flesh. The remainder of the apple is normal in both a})pearance and 
taste. 

Apples showing these symptoms were recorded from Auckland, Hawke’s 
Bay, and Nelson, the varieties affected being Winesap, Rome Beauty, 
and Stunner respectively. Only a small number of apples were affected 
in each of the cases reported and the losses caused were negligible. 

Apple disorders apparently identical with the condition detailed above 
have been reported from several countries. McAlpine (1901) recorded the 
occurrence of distorted apples in Australia. He named the trouble 
** crinkle ” because the surface of the fruit was frequently thrown into 
rough folds, giving it an uneven, crinkled appearance. In a later publica- 
tion McAlpine (1912) stated that in his opimon crinkle was a “ confluent 
form of bitter-pit. Brooks and Fisher (1918) reported a condition termed 
“ hollow apple in Washington. This occurred almost exclusively on 
apples exposed to direct sunlight and was most severe on trees bearing a 
light crop. Roberts (1919) found crinkle to be widespread in Wisconsin 
after a year of extreme drought. 

He could find no relation between the position of fruit on the tree and 
the incidence of crinkle. Brooks and Fisher (1926) recorded the appearance 
of symptoms similar to crinkle on two occasions in the northern States of 
the United States of America. Their observations suggested that periods 
of high temperature following relatively cool weather were the primary 
^tise, with a shortage of soil moisture as an aggravating factor. Four 
years later Fisher, Harley^ and Brooks (1930) produced crinkle on a small 
number of shaded apples by applying artificial heat to the growing fruit. 
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Ware (1932) noted injury of the crinkle type on a small number of apples 
from the south of England. He also attributed the injury to high tempera- 
ture. Came and Martin (1934) found crinkle to occur quite commonly in 
Tasmania and the southern half of Australia. They claimed that water- 
core was an essential step in the development of crinkle, and that high 
temperatures were the primary cause. Under Australian conditions they 
found it possible to predict with reasonable accuracy that crinkle would 
appear in susceptible varieties ten to fourteen days after any marked heat 
wave in January or February. 

Descriptions and illustrations given by these authors leave little doubt 
that all were dealing with forms of the one disease. Some of them attempted 
to isolate a pathogen from crinkle-affected apples without success, and all 
agree that the trouble is a physiological one. There is agreement on one 


1 * 
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Fio. 1. — Rome Beauty apples showing symptoms of slight and severe crinkle. 




other point — namely, the association of an unusual period of high temjiera- 
ture with the development of crinkle. The work of Fisher et aJ. supports 
these observations, and it appears reasonably certain that high temperature 
is the primary cause. Damage occurs after a period of weatlior hotter than 
is usual for the particular district, irrespective of the extreme maximum 
reached. Thus in the United States of America crinkle was found after 
shade temperatures of 107° f. and 110° f., which were 19° f. and 22° f. 
respectively above the mean of the locality affected. In England a few 
apples were affected when the maximum temperature reached 89° f. in a 
district where the mean was 60*9° f. Opinions differ considerably as to the 
effect of direct sunlight on the production of crinkle. Specimens found in 
New Zealand were not examined while on the trees, and there is no 
information available as to their relative exposure to light. 


1!*he 'N.Z. Journal oy Soubnob and Tughnoloov [Fbb, 

In the summer of 1945>46 New Zealand etp^rienoed a severe and 
* widespread drought, with shade temperatures for January and February 
above normal In Hastings, where symptoms were most pronounced, 
there was a marked temperature peak early in February. In Auckland 
there was a less pronounced peak at about the same period, and in Nelson 
a sudden rise took place early in January. Relevant figures are set out in 
the table below. The peak temperatures shown were the highest reached 
at the three recording stations during that summer. 


Table I.— IAaximum Daily Shade Temfebatubes, in Deoeees Faheenheit 


Auckland. 

Hastings. 

Appleby (Nelson). 


Maximum 


Maximum 


Maximum 

Date. 

Shade 

Date. 

Shade 

Date. 

Shade 


Temperature. 


Temperature. 


Temperature. 

1946 


1946 


1946 


January 28 

68*6 

February 4 

940 

January 9 

62-3 

January 29 

70*0 

February 6 

86-0 

January 10 

71*6 

January 30 

72-6 

February 6 

81-0 

January 11 

77-3 

January 31 

74*6 

February 7 

83*0 

January 12 

86-2 

February 1 

75-3 

February 8 

860 

January 13 

83-6 

February 2 

78*6 

February 9 

97-6 

January 14 

7M 

February 3 

79-6 

February 10 

71*0 


February 4 

82-6 





February 6 

76-2 





February 6 

720 





Mean daily maximum 
for January, 1946 

72-3 


80-6 


72*8 






Mean daily maximum 

75-6 


81-7 


72-8 

for Felnuary, 1946 


i 




Average mean over 






period of years — 
January 

72*6 


77'0 


71-6 

February 

730 


76-0 


710 


At the close of this unusual season, crinkle appeared in three widely 
separated places, suggesting that, in New Zealand also, high temperature 
aggravated by drought caused the disease. 
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OBSERVATIONS ON SEEDLING FEIJOAS {FEIJOA 
SELLOWIANA BERG.) AT MOUNT 
ALBERT, AUCKLAND 

By H. M. Mouat, Pomologist, Plant Diseases Division, Department of 
Scientific and Industrial Research 

[Received for publication, 16th August, 1946] 

Summary 

An account is given of the growth and fruiting of seedling trees of Feijoa 
sellounana Berg, at Mount Albert, Auckland. 

Observations showed that plants varied considerably in tjrpe, and in the 
shape, size and quantity of fruit produced. 

It is recommended that only trees worked with selected scion varieties be 
used for future plantings. 

Feijoa sellomana Berg., a native ^of the sub-tropical regions of South 
America, is a fairly hardy fruiting shrub of the family MjnljacesB. Small 
commercial plantings have been made recently in the warmer parts of 
New Zealand. Since some of these consisted of seedlings and not of named 
varieties, it was desirable that information be obtained regarding the 
performance of such trees. A trial planting of seedling trees, set out as a 
hedge, was therefore made at the research station of the Plant Diseases 
Division, and the present paper records observations on these trees. 

Seedlings raised in 1939 from a large-fruited type (variety unknown) 
were carefully selected for uniformity and grown in the nursery for two 
years. Sixty-eight trees were set out in 1941 in a single row, the distance 
between trees being 2 ft. These were left unpruned until 1945, when records 
of growth, fruit type, and yield were taken. Trees were cut back in the 
winter of 1945 to form a hedge, and the heavy pruning severely restricted 
fruit production in the following year. 

Growth Type , — It was found that, in spite of the initial selection of 
seedlings, there was a considerable variation in plant type. While the 
majority of trees were of an upright, strongly-growing bushy habit, others 
were of a more spreading open type. A few formed less vigorous, compact 
bushes with smaller leaves. 

Fruit Yield , — A few bushes fruited in 1944, but no records were taken. 
Many fruited in 1945. Table I shows the crop harvested in April of that 
year. It will be seen that twenty-seven of the sixty-eight trees carried no 
fhdt and twenty-three produced less than 1 lb. each. The crop produced 
by individual trees varied from a few ounces to almost 6 lb. per tree. 
Sixty per cent, of the total crop of approximately 50 lb. was produced by 
seven trees, or 10 per cent, of the total number. The production figures 
for one year, though not a reliable index of productivity over a number 
of years, do show the great variability of seedlings. Though only a small 
quantity of fruit was borne in 1946 as a result of the severe pruning, crop 
yields showed the same extreme variability as in the previous season. 

Fruit Type , — The variation in size and shape of fruit from different 
trees is shown in Fig. 1. Fruit ranged from 3*5 cm. to 6*7 cm. in length, 
the majority being from 3'8 cm. to 4*5 cm. (Table II). The shape was 
most commonly broad oval, but varied from round to long oval and 
p 3 rriform. Fruit was dark green in colour with a slight grey bloom, that 
from some trees having also a dull-red blush on one cheek. The surface 
varied from smooth to very rough. > Fruits also varied in relative amounts 
of pulp and flesh, colour of flesh (white to pale yellow), and flavour. 
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Discussion 

The trial has shown the great variability that exists in seedling plants 
of Feijoa sdloumna Berg. Differences in type of powth and tree size 
markedly greater than those found in the above tnal were seen by the 
author in a commercial plantation of seedlings. For successful commercial 
fruit production it is essential that all trees in a grove should bear good 
crops regularly and that fruit should be uniform and of a size and type 
desired by the market. From the above observations it would appear that 
seedling trees of feijoa would not fulfil these conditions. Even if total 



[Photo hy R. Hughet, 

Fia. 1. — ^Variation in size and shape of fhiit from seedlings of F, sdlowiana Berg. 

(About f natural size.) 


production of low-yielding trees increased in future years it is probable 
that an inherent variability would persist. Only about 25 per cent, of the 
trees in the trial bore fruit of good size. It is unlikely that increasing age 
will bring about increased size in small fruited strains. On the contrary, 
judging from the behaviour of other fruits, the reverse is more likely to occur. 

As the feijoa is a recent introduction, consumers have not had time to 
show a preference for a particular type of fruit. However, fruit tapered 
^totrard the ends, or with a very irregular surface, would probably not be 
popular, since there would be more waste with these than with the smoother 
oval and round types. 
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It is considered that growers, when making new plantings of feijoas, 
should plant only trees worked with a scion variety known to produce 
large cro^s of fruit of good size and type. An additional argument in 
favour of growing a scion variety of known performance is the discovery 
by Doak (correspondence, 1946) that there is a wide variation in ascorbic 
acid (vitamin C) content of fruit from seedling feijoas. A sample of 
Godlidgei, a named variety of F, sellomana, had a very high vitamin C 
content (116 mg. per 100 g.), more than three times as much as that of a 
small fruited seedling growing in the same garden. Considering the dietetic 
importance of this vitamin it is desirable that varieties known to have 
fruit with a high content should be grown rather than seedlings, for, 
although Doak found no correlation between fruit size and vitamin C 
content, it is apparent that fruit from some seedlings contains a relatively 
low percentage. 


Tabls I. — Rbgobd of Crop ex Trees FBUiTiNtj 194.’5 


Weight of Fruit per Tree. 

Number of Troeh. 

lb. 


No crop . . 

27 

0-5 and under 

lo 

0-6-U0 

S 

11-1-5 

4 

1-6-20 

o 

21 -2-5 

1 

2-6 -3 () 

o 

31-3-5 .. ^ 

1 

3-6-40 

0 

4-1 -4-5 1 

3 

4-6-00 

i 1 ' 

r>l-.5-5 

(i 

5-6-60 

1 


Table II. — Variation in Size op FariT pkodiu’E!), lOl.'J 

Length of Fruit. | 

Number of Tiee-^. 

cm. 

- 

3-6 

1 

3-8 

9 

4-1 

8 

4-6 

12 

4-8 

2 

5-0 

6 

6-7 

2 

6-7 

1 
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FLUE -CURED TOBACCO 

II. DEVELOPMENT OP SUGARS IN LEAP DURING CURING 

By H. 0. Askew and R. T. J. Buck, Cawthion Institute, Nelson, 

New Zealand 

(Continued from Vol. 26 (Sec. A), page 171) 

[Received for publication, 23rd September, 1946] 

Summary 

During flue-ouring of tobacco-leaf there is a rapid production of reducing 
sugars, mainly glucose, together with small amounts of sucrose by hydrolysis of 
starch and possibly other carbohydrates. After the colouring stage, change 
in the sugar content of the leaf is small. For the whole leaf up to nearly 
26 per cent, of total sugars on the dry basis, of which 20 per cent, was glucose, 
have been found. 

The blade of the leaf contains more sugar than the midrib. In one 
experiment 27-7 per cent, of total sugars was found in the blade and 20*6 per 
cent, in the midrib. 

Loss of dry matter during curing can be closely accounted for by assuming 
that respiration is dependent on oxidation of hexoses. Participation of other 
compounds in these losses is not precluded, however. 


Introductiqn 

The chief distinction between flue-cured tobacco, used largely for manufacture 
of cigarettes, and air-dried tobacco, used for cigars and certain other types 
of manufactured tobacco, is the relatively high content of the reducing 
sugars, glucose and Isevulose, and of sucrose, compared with the almost 
total absence of sugars in the air-dried types of leaf. Although there are 
data in the literature to substantiate this, there is a definite lack of informa- 
tion on the course of development of these sugars in the leaf during the 
flue-curing procedure. 

In 1941 B.obert8(l) carried out an investigation on the changes in 
respiration rate of the leaf at different stages, but no measurements were 
made before twenty-four hours of curing. It was concluded that in the 
earlier stages respiration resulted in the consumption of carbohydrates and 
organic acids, but that later, although these compounds were still accounting 
for the greater part of the respiration, protein was also being metabolized. 
This effect had appeared after forty hours of curing. It was suggested, too, 
that a considerable period of heating at 120® f. was required to inactivate 
the enzymes so that discoloration of leaf would not occur if moisture was 
absorbed. This would correspond to the fixing stage of curing. In the same 
year the Bureau of Plant Industry of the U.S. Department of Agriculture 
reported(2) that experimental work on flue-curing had been carried out. 
Beyond a short report, the authors are not aware of any published statement 
of data or final conclusions from these trials. The major chemical change 
reported was the transformation of carbohydrates, this consisting largely 
of hydrolysis of starch to sucrose and a mixture of dextrose and isevulose ; 
.the sucrose was afterwards converted into reducing sugars. No numerical 
"^data were givmi to indicate the magnitude or precise direction of the changes 
at stages of curing. 
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The study of curing most pertinent to the authors’ work is that of 
'Ward(3), who followed the changes in carbohydrate contents of Canadian 
leaf. Ward showed that the glucose, Isevulose, and sucrose contents increased 
to maxima, and then decreased in the later stages of curing. Starch, on the 
other hand, progressively decreased with length of time of the leaf in the kiln. 
As much as 34 per cent, of total sugars was found in the dry matter. 

In the experiments to be described in this report a great development 
of sugars was found during curing of the leaf. 


Experimental 

Three experiments were carried out in the 1943 season, commencing 
on 18th February, 4th March, and 11th March. After removal from the 
kiln the sample material was rapidly dried by hot air. It is possible that this 
procedure increased the amount of sugars found on analysis, especially in 
the early stages of curing when the leaf still contained a high percentage of 
water, but, judging by the low sugar content of the leaf-blade in the first 
sample of experiment III, this effect was probably small. The sample 
material was analysed approximately six months after completion of the 
curing trials. In experiments I and II whole leaf was analysed, but in III 
separations of blade and midrib were made at the several sampling periods. 
Further details in respect of the crop have been reported previously (4). 
The method of extraction of the sugars has been given by Blick(5). Glucose 
was estimated by hypo-iodite oxidation ; the difference between the total 
reducing sugars and glucose was called laevulose. Proof that only these 
two reducing sugars were present is not available. Sucrose content was 
obtained from the total reducing sugars before and after hydrolysis of the 
cleared solution with hydrochloric acid. No other carbohydrates have been 
estimated. 


Results 

The data for the sugar contents in the first two experiments, together 
with certain other experimental data, are set out in Table I. During the 
colouring period, when the temperature is low, and the relative humidity 
and moisture content of the leaf are high, increase in amounts of sugars in 
the leaf is rapid. Within a relatively few hours from entering the kiln 
the sugars, more especially glucose, begin to form. A certain amount of 
Isevulose also appears, providing about one-fifth of the total sugars in 
experiment I, but only about one-tenth in experiment 11. Sucrose is 
higher in experiment I than in experiment II, and, except in the early 
stages of the first experiment, forms only a small proportion of the total 
sugars. Once the temperature has been raised sufficiently high in the 
fixing stage (to about 120-130° r.) to cause rapid drying and to kill the leaf, 
no further marked changes in sugar content are to be found. The final 
temperatures, too, have not been sufficient to cause decomposition of the 
sugars. Moreover, in these two experiments there is no evidence of 
maxima in the sugar contents as was reported by Ward(3). 
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Table L— Develofmeni of Suoabs sitbino FLUE'-ovBiiro of Tobaooo-lbat 


Sugar content expressed as percentage on dry-matter basis 


Experiment Ko. 

Number of 
Hours iu Kiln. 

ii 

IE 

Fructoae, 
per Cent, 

Sucrose, 
per Cent. 

Total Sugars, 1 
per Cent. j 

1 

|l 

IE 

i 

1 

Belative 
Humidity, per 
Cent. 

it 

If 

H 

I 

0 

6-20 

0-54 

0-00 

6-74 

86-2 





6 

11-73 

1-02 

6-08 

17-83 

83-1 

. , 

84 

87 


12 

15-27 

2-08 

3-29 

20-64 

83-2 


84 

86 


18 

15-53 

4-78 

2-08 

22-39 

82-7 

. . 

87 

85 


24 

15-01 

4-51 

2-42 

21-94 

83-4 

4-4 

92 

88 


,30 

16-37 

4-16 

2-09 

22-62 

81-0 

3-7 

88 

88 


36 

15-61 

3-71 

1-15 

20-47 

82-1 

20 

88 

88 


48 

14-99 

4-45 

0-00 1 

19-44 

81-7 

13-6 

81 

93 


60 

13-44 

2-88 

1-82 

18-14 

83-6 

11-1 

92 

92 


72 

16-48 

6-94 

000 

23-42 

60-9 

11-0 

45 

120 


84 

14-52 

3-38 

0-62 

18-52 

36-5 

11-8 

21 

132 


108 

13-46 j 

4-81 

1-01 

19-28 

4-6 

11-7 

n.d. 

155 


132 

16-95 

5-59 

0-99 

23-53 

10-2 

9-0 

n.d. 

170 

II 

0 

7-33 

0-67 

0-00 

8-00 

82-6 



.. 


6 

7-08 

2-43 

109 

10-54 

80-6 

0*5 

72 

87 


12 

10-24 

0-00 

109 

11-33 

79-9 

3-8 

78 

81 


18 

15-26 

2-26 

2-66 

20-18 

81-2 

12-7 

79 

82 


24 

13-21 

0-79 

0-88 

14-88 

81-7 

17-3 

1 70 

91 


30 

13-08 

0-75 

000 

13-83 

78-6 

12-2 

, 79 

85 


36 

14-63 

1-39 

0-94 

16*96 

78-9 

13-7 

79 

83 


48 

16-72 

2-39 

0-86 

19-97 

74-4 

8-3 

76 

87 


60 

19-39 

4-64 

0-87 

24-90 

67-0 

9-2 

61 

106 


72 

19-49 

3-02 

1-33 

23-84 

47-8 

9-9 

37 

122 


84 

11-41? 

0-72? 

2-50 

14-63? 

40-7 

13-7 

24 

124 


108 

20-02 

4-04 

1-82 

25-68 

22-5 

8-5 

n.d. 

160 


Note. — A verage weights of leaves were — Experiment I, fresh 39*4 g., dry 5*95 g. : 
experiment II, fresh 36-75 g„ dry 6-36 g. 


In the third experiment the midribs were removed from leaves on taking 
them from the kiln. Blade and midrib were then rapidly dried before 
grinding preparatory to analysis. The leaves used in this experiment, 
from near the top of the plants, were rather small, weighing approximately 
20 g. when fresh and having 19*1 per cent, of dry matter. Table II gives 
"the analytical data, the curing conditions having been already reported(4). 

In the blades the initial sugar contents are low, totalling only 3*21 per 
cent., but within twelve hours the glucose and total sugars have increased 
fivefold and Isevulose and sucrose have also appeared. By the end of the 
colouring period (sixty hours) the transformations into glucose have almost 
been completed. Fructose continues to increase, but sucrose has fallen to 
low values at this time. The midribs show a relatively high content of 
sugars, especially of glucose. Both glucose and .fructose show appreciable 
increases during curing, but neither reach the same level that they do in 
the blades. Sucrose varies irregularly, but tends to be higher in the midribs 
than in the blades. The highest figure for total sugars was 27-7 per cent, 
in the blades and 20-6 per cent, in midribs. 
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Table II. — ^Development op Sugars in Biade and Midbib of Tobacco-leaf during 

Flue-cubing 


Sugar content expressed as percentage on dry matter basis 


Part of Leaf. 

jg 

s 

c 

i 

o 

Glucose, 
per Cent . 

Is- 

it 

cc c. 

Total Sugars, 
per Cent. 

Moisture in 
Sample, 
per Cent. 

Oi t 

or. es b, 

h.3 

Blade 

0 

2-24 

0*00 

0*97 

3*21 

77*2 



12 

11*95 

2*33 

3*32 

17*60 

72*4 

6*0 


36 

19*27 

2*63 

1*35 

23*25 

69-4 

4*7 


60 

18*94 i 

5*73 

0*00 

24*67 

65*5 

16*0 


84 

19*30 I 

6*29 j 

0*43 j 

26*02 , 

36*0 

15*4 


108 

18*.38 

8*60 j 

0*74 1 

27*72 

10*4 

15*5 


132 

20*30 

6*10 

0*61 

27*01 

0*0 

11*1 

Midrib . . . . . . 

0 

8*46 

0*43 

1*65 

10*54 

88*3 



12 

8-43 

1*55 

2*88 

12-86 

81*7 

00 


36 

12*30 

1*04 

0*63 

13*97 

79*7 

12*6 


60 

13*90 

3*06 

0*00 1 

16*96 i 

78-1 

11*5 


84 

14*13 

3*24 

3*24 

20*61 j 

73*6 

11*6 


108 

lJ-51 1 

4*51 j 

209 

18*11 ! 

52*9 

13*7 

1 

1.32 

12*78 

3*45 ! 

1*25 

17*48 ; 

44*2 

13*7 


DiS(’USSION 

Examination of Ward’s results(3) shows that la?viilosp reached maximum 
values usually forty-eight to sixty hours after entering the kiln, while dextrose 
exhibited niaxinia at about sixty hours. Sucrose, in six cases out of eight, 
allowing for probable experimental error in the determinations, continui^d 
to increase until the end of the curing operation. Total sugars tended to 
increase until the end of the fixing period, at approximately 130° f. It is 
to be noted, too, that Ward’s curing conditions called for more rajiid raising 
of the temperature than was the case in the authors’ experiments. Setting 
out Ward’s results in graphical form, as has been done in Fig. 1 for on(‘ of 
his trials (second priming, 1937), indicates that the glucose, hevulose, and 
sucrose^ contents increase linearly with increase of time in the kiln, up to 
approximately sixty hours. On the other hand, starch, and hemi-celluloses 
(not shown iu Fig. 1), decrease linearly with time. In certain cases there is 
departure from linearity for all these constituents, but it is not very great. 

The data plotted in Fig. 1 are from the most consistent data — i.e., thosi^ 
least affected by apparently aberrant figures. In this graph the lines for 
the three sugars are almost parallel, with the Isevulose and sucrose percent - 
ages almost equal at a given time. For other experiments sucrose^ is sometimes 
present in greater amount than Isevulose, especially in the earlier stages of 
cudiig ; in all cases, bowever, sucrose and la^vulose are approximately 
equal in amount. The dextrose curve for some of Ward’s experiments was 
not parallel to those of the other sugars, but indicated that this sugar increased 
at a greater rate than the laevulose and sucrose. How far the experimental 
conditions of Ward’s experiments contribute to these linear variations it is 
not possible tO' say. It is quite clear, however, that the variation of 
concentratioiif of sugars with time is quite different in these Canadian experi- 
ments from that of the New Zealand ones, typified by the graphs in Fig. 2. 
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These indicate that a rapid increase in glucose and total sugar content' 
occurred during the first forty-eight hours (colouring period), with only 
slight increases during fixing (up to about eighty hours) and drying of the 
blade and the midrib. There is no definite evidence that the glucose or total 
sugars contents pass through maxima, when these are expressed on the dry 
matter of the sample at the stated times of curing. If the sugars are expressed 
in terms of the original dry-matter content of the leaves (blades or midribs) 
using for the calculations data for loss of dry matter given in Tables I and II, 
the curves showing the sugar content at various stages are much flatter than 



O lO ^ so 40 50 ^ 

HOURS IN KILN / 

Fio. 1. — Variation of sugar and starch contents during curing (Ward, 1C42). 

those of Fig. 2, but they still do not show any maxima. The same holds 
true for the data of Table I. It is clear also that the concentration of sugars 
at any chosen time must be the resultant between that formed by hydrolysis 
of more complex carbohydrates and that lost by respiration. The figures 
for sugar content obtained in the present trials are not as high as those of 
IVard, most probably because the leaf used was taken from much higher up 
the plant than was Ward’s, Unpublished data obtained from successive 
harvests of leaves show that there are large differencee in the sugar contents 
of cured leaf from varying positions on the plant, relatively low figures being 
follnd fpr leaf froia near the top of the plant. 
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In the first paper of this Beries(4) attention was drawn to the large loss of 
dry matter from the leaf during curing. This was of the order of 14 per cent, 
on the average, and was shown to occur almost wholly during the colouring 
or early fixing stages. iRespiration with consumption of carbohydrates and 
possibly other compounds is responsible for this loss. Work in Australia(6) 
has demonstrated that large amounts of carbon dioxide are produced during 
curing. It would appear that about 360 c.c. of carbon dioxide per pound of 
leaf per hour are formed. This evolution of gas corresponds to about 80 c.c. 
per 100 g. per hour. Now, if the time of colouring is thirty hours (a conserva- 
tive estimate), then 2,400 c.c. of carbon dioxide will be produced per 100 g. 
of leaf. This volume of gas will weigh 4*7 g. A hexose on oxidation will 
give 1*5 g, of carbon dioxide per gram ; therefore, the above weight of gas 
corresponds to the consumption of 3*2 g. of sugar (glucose or Isevulose). 

30 

Z5 

a.c 

le 

10 

5 

O 

O lo 40 M fD 100 Ito 140 

HOUMS IN MUS 

Fig. 2. — Variation of reducing sugars and total sugars of blade and midrib during curing. 



Data(7) in the publication just quoted show a loss of 13 per cent, of dry 
matter from leaf of an original dry-matter content of 25 per cent. This 
shows that 3*25 g. of dry matter disappeared during curing. Taking the 
Nelson data of 14 per cent, loss on leaf with 20 per cent, dry matter, a loss of 
2*8 g. is obtained. Both of these losses correspond closely to the loss 
calculated on the assumption that hexoses (or a hexose) provide all the 
substrate for respiration. This does not mean that other carbohydrates, 
or acids, or nitrogenous compounds are precluded from contributing to the 
loM of dry matter, but to what extent these take part does not appear to 
be known. With air-dried leaf the respiration processes are so extensive 
that practically no sugars remain on completion of curing, and a large part 
of the protein is broken down to amino acids, amides, and ammonia. So far 
as is Imown, no data on changes in the nitrogenous constituents during 
flue-curing have been published, although data for cured leaf are available. 
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It is hoped to obtain information on any changes taking place from 
estimation of the classes of nitrogenous compounds in the material from the 
curing experiments discussed in this paper, and these will be reported in a 
later paper. 


Eeferences 

<1) Roberts, E. R. H. (1941) : Biochem. J., 55, 1289. 

(2) U.8.D A. Bureau of Plant Industry^ Ann, Bept,^ 1941, 3f5. 

<3) Ward, G. M., (1942) : Dom, Gan, Dept, Agr,, Publ, 729 (Tech, Bull. 37), 41. 

<4) Askew, H. O., and Blick, R. T. J. (1944); N.Z J, Sci. Tech., 26, (Sec, A), 171. 
(5) Buck, R. T. J. (1943) : N.Z. J. Sci. Tech., 25, (Sec. B), 53. 

<6) State Electricity Commisflioii of Victoria (1932) : “ Tobacco Curing by Electricity,” p. 6. 
<7) Ibid., p. 18. 


CHANGES IN VITAMIN C CONTENT AND ACIDITY 
OF APPLES DURING COOL STORAGE 

By H. 0. Askew and Elsa B. Kidson,’*' Cawthrou Institute, Nelson, 

New Zealand 

{Received for publication, 13th August, 1940] 

Summary 

Seven varieties of apples were held in cool store f{>r from three to seven 
months. The vitamin (/ contents of the flesh, skin, and whole fruit were 
determined at monthly intervals. During the first two or three months nil 
varieties, except Siurmer, rapidly decreased in vitamin (' content, the skin 
losing it at a greater rate than the flesh. Later the rate of loss was much 
lower. On the other hand, the vitamin C content of Sturmer remained 
practically constant for seven months. 

Titratablc acidity of the juice decreased markedly with length of storage 
time. The rate of loss varied considerably with the different varieties. 

There appears to be no direct correlation between vitamin 0 content of 
the flesh and the titratable acidity of the expressed juices of the apple fruits 
examined. 

Introduction 

Previous unpublished work (E.B.K.) at the Cawthron Institute indicated 
that the vitamin C content of certain varieties of apples was greatly 
dependent on whether the fruit was examined immediately after picking 
or after holding at temperatures such as might be found in orchard stores. 
Varieties such as Jonathan, Delicious, and others decreased rapidly in 
vitamin C content, both in the skin and in the flesh. On the other hand, 
the Sturmer variety lost comjiaratively little of its vitamin C under the 
same storage conditions. Together with variations in the amount of 
vitamin C, large changes in the titratable acidity of juice pressed from 
the apples were found. It appeared to be of interest to determine what 
changes might occur in the vitamin C content and in the acidity of the 
juice on holding different varieties of apples under commercial cool-storage 
conditions. The present paper reports results obtained from storage of 
seven varieties. 

* Oflicer of Department of Scientific and Industrial Research, seconded to the 
Cawthron Institute. 
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Experimental 

For vitamin C determinations the method described by Kidson(l) was 
used, except that sixteen apples per sample were taken. Separations of 
skin and flesh were made on the initial samples and on selected samples 
at the later sampling dates. The remainder of the sample after taking 
out the sectors for the vitamin determination was crushed and the juice 
used to obtain the titratable acidity figure. This is expressed in terms 
of millilitres of NaOH solution required to neutralize 100 ml. of juice to 
the phenolphthalein end-point. 

Seven varieties of apple grown in different parts of the Nelson district, 
mostly on the Moutere Hills soil type, were obtained- The fruit was 
picked about midday or early afternoon, and was packed into bushel cases 
direct from the trees. Alternate rows of fruit were wrapped. In the 
majority of orchards two cases of fruit per variety were obtained. Within 
a few hours of picking the fruit was j)laced in a commercial cool store. 
The conditions of storage w’ere as follows : Delicious and Granny Smith 
at 31° to 33° F. ; Cox’s Orange, Jonathan, Sturmer, and Statesman at 
36° to 38° F. Some of the varieties were held longer than they would be 
under commercial conditions, but all fruits analysed were sound. 

At the time of picking, a sample of fruit for analysis was f)btained, the 
determinations being made, with few exceptions, on the following day. 
At monthly intervals samples were taken from the cool store. On each 
occasion the average* weight of the fruit was recorded as a check on the 
sampling procedure ; in all cases the ])eriodical samples agreed satisfactorily 
in weight with the original one for a given variety. 

The orchards from which material was obtained have been denoted in 
the tables of data by numbers, and where more than one lot of fruit was 
obtained from a given orchard the samples are marked by letters, thus, 
“ 2A.” 

Notes on the fruit are as follows : — 

Coxjs Orange. — For orchard 1 the B sample was slightly more mature than tho 
A sample, although the latter was well advanced in maturity. Each came from six 
trees in different parts of the orchard. Picked on 7 '3 ^4.5. 

In orchard 2 the A sample was somewhat more mature than the B .sample. 
Picked on 7/3/45. 

Jonathan. — In orchard 3 the fruit was obtained from eight well-grown tree.s. 
Individual fruits were even-sized and well-coloured. Picked on 19/3 45. 

Fairly mature fruit with a distinctly yellow' ground colour was obtamed from 
orchard 5. Picked on 14/4 '45, but not put into cool store until 16 4 45. 

Delicious. — Fruit from the outside of the tree, well-coloured but somewdiat 
russetted, was obtained from orchard 3 on 19/3/45. Sampled from eight trees. 

In orchard 2 the fruit was les.s russetted than that in orchard 3. Outside fruit was 
again obtamed. Picked on 21/3/45. 

Granny Smith. — Good, clean fruit from trees with eight- or nine-year-old grafts 
was obtained from orchard 7 on 9/4/45. 

Rather larger fruit than from orchard 7 was picked in orchard 5 on 10/4/45. 
A good, clean sample was obtained. 

Sturmer. — Relatively mature fruit, fairly well russetted but very uniform in size, 
was picked from orchard 4 on 16^4/46. Leafage was sparse, so that the fruit was well 
exposed to the sun. 

Slightly larger but less mature fruit was obtained from orchard 8 on 23/4/45. 
The apples were fairly free from russett, &c. 

Red Statesman and Statesman, — Both varieties were picked from orchard 9 on 
26/4/46. In each case the fruit was very free from defects. 
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Results 

The initial data for the fruits under examination are given in Table I. 
For Cox’s Orange the highest figures for vitamin C content have been 
obtained with the most mature fruit both in the fiesh and in the skin, and 
therefore in the whole fruit. The acidity figures also are higher for 
orchard 1 than for orchard 2. With the exception of Granny Smith, origin 
of the fruit does not seem to have markedly affected the vitamin content. 
Statesman is lowest and Sturmer the highest for vitamin C content on the 
whole fruit basis. There appear to be distinct differences between the 
varieties in respect of the ratios of the amounts of vitamin C in the flesh 
and the skin. Thus Cox’s Orange, Granny Smith, and Red Statesman 
samples, with approximately the same vitamin C content of the flesh, have 
given 42*5, 74*0, and 11 2*8 mg. per 100 g. respectively for the skin. While 
it is difficult to pare the fruits uniformly, the above data suggest that there 
are very real differences in the vitamin C content of the skin of the 
several varieties. 


Table I. — Vitamin 0 Content, Acidity op Juice, and Average Weight of Apple.s 

AT Time of Picking 


Variety. 

Orchard- 

Milligrams of Vitamin C 
lier 100 g. Frenh Material. 

Titrntable 
Acidity ml. 

N 

NacJS i»er 
KM) ml. 
of .Tuice. 

Average 
Weight 
of Fruit. 

Whole 

Fnilt. 

FleHh. 

Skin. 







G. 

Cox’s Orange 

lA 

19*4 

110 

.56*5 

137*0 

107 

ff 

iB 

15-7 

11*7 

56*3 

137*6 

109 


2a 

14-6 

10-5 

51*1 

121*5 

113 

ff 

2b 

12-9 

9-2 

42*5 

130*5 

107 

Tonathan 

3 

11-6 

10-8 

34*0 

88*5 

104 

„ 

5 

11-4 

8*4 

45*6 

80*5 

106 

Delicious 

2 

11-8 

7*4 

34*5 

35*0 

119 



3 

10-8 



40*5 

116 

Jranny Smith 

7 

19*2 

12*1 

93*3 

119*0 

106 

>> 

5 

1 

14-7 

10*4 

740 

114*0 

119 

Sturmer 

8 

29-3 

26*1 

86*4 

166*5 

108 

»♦ 


29*3 

22*0 

103*0 

160*0 

104 

Statesman . . 

9 

10*1 

6*6 

65*1 

61*6 

118 

Red Statesman 

9 

18*2 

1 

9*0 

112*8 

73*0 

101 


The data in Table I indicate that there are wide differences in the 
tdtratable acidity of the juices of the varieties. Sturmer has shown the 
|i^est acidity and Delicious the lowest, but there does not appear to be 
any direct correlation between acidity and vitamin C content of the flesh 
of the freshly gathered fruit. 
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Table II. — Avebaqe Vitamin C and Acid Content op Apple Varieties after 

Cool Storage 

Vitamin C expressed as milligrams per 100 g. of fresh material and acidity as 
millilitres of NaOH required per 100 ml. of juice. 


Variety. 

Part of 
Fruit. 

At Picking. 

After Three Months 
Cool Storage. 

After Six Months 
Cool Storage. 

1 Vitamin 0. 

Acidity. 

Vitamin C. 

Acidity. 

Vitamin C. 

Acidity. 

Cox’s Orange 

Whole 

14-9 

131-6 

7-5 

76*2 




Flesh 

10-6 


5-2 





Skin . . 

61-6 


42-7 




Jonathan . . 

Whole 

11*4 

80-7 

6-4 

(i4-8 

6-4 

46*5 


Flesh 

9-6 


4-7* 





Skin. . 

46* 6 * 


32-2* 




Delicious 

Whole 

11-3 

36-5 

5-3 

36-2 

4-5 

30-2 


Flesh 

7 . 4 * 




3-1* 



Skin. . 

34 -S* 




23-0* 


Granny Smith 

Whole 

17 0 

116-5 

8-8 

106*5 

8-8 

79-5 


Flesh 

11-2 


5-3* 


5-8* 



Skin. . 

83-6 






Red Statesman 

Whole 

18-2* 

73-0* 

10-7* 

63-5* 

9-5* 

42-0* 


Flesh 

90* 


5-2* 


5-0* 



Skin. . 

112 - 8 * 


84-3* 


66-9* 


Statesman . . 

Whole 

101 * 

61-5* 

6-4* 

56-0* 

4-6* 

36-0* 


Flesh 

6-5* 


3-4* 


2-9* 



Skin. . 

65- 1* 


43-8* 


34-0* 


Sturmer 

Whole 

29-3 

152-7 

28-3 

131-0 

27-5 

103-3 


Flesh 

23*6 


25-8* 


23-5* 



Skin . . 

1 

94-7 

1 


89-9* 


86 - 6 * 

] 



* One sample only. 


From the complete data selections have been made corresponding to 
three-monthly and six-monthly storage periods. Table II contains these 
data. The greater part of the loss of vitamin C in the whole fruit, the 
flesh, and the skin, in all varieties except Sturmer, occurs in the first three 
months of storage. It is also apparent from the data that there is a 
distinct tendency for the skin to lose its vitamin content more rapidly 
than does the flesh, a conclusion also reached by Fish(2) in Virginia. The 
complete data show that the lengths of time required for the initial value 
for the different varieties to fall by half were as follows : Cox’s Orange, 
two months ; Jonathan, three months ; Delicious, three months (but 
almost as low after one month) ; Granny Smith, three months ; Statesman, 
five months (but almost as low after two months) ; Red Statesman, four 
months. On the other hand, Sturmer from orchard 8 showed no loss even 
after seven months, and the average loss for orchards 4 and 8 was only 
6 per cent, after six months in store. 
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Discussion 

Because of the difficulty of satisfactorily presenting the complete data 
in tabular form, certain of the more outstanding indications have been 
represented graphically. Analysis of the data shows that, among the 
varieties tested, three types of change with time of storage are to be found. 
These can be arranged as follows (Table III). 

Table 111 


Type. 

Vitamin C Content. 

Acidity. 

Variety. 

1 

Constant 

Decreases markedly . . 

Sturmer. 

2 

Decreases 

Decreases slightly 

Delicious. 

3 

»> 

Decreases markedly . . 

Cox*8 Orange. 

3 

»» 

,, . . . ■ 

Granny Smith. 

3 


,, . . . . 

Jonathan. 

3 

»» • • 

„ . . . . 

Red Statesman. 

3 

»» • • 


Statesman. 


Conditions for the Stunner variety (orchard 8) are shown in Fig. 1. 
Within the probable experimental error the vitamin C contents of the whole 
fruit, the skin, and the flesh are constant over the period of storage. On 
the other hand the acidity steadily decreases. Although the variation in 



Fio. 1. — Variation of vitamin C content of whole fruits, skin, and flesh, and of 
acidity of Sturmer variety on cool storage. 


acidity is shown by a curved line, actually a straight line can be drawn 
through the points, with no greater deviation than 4 per cent, from the 
plotted values. In the Sturmer variety there appears to be no correlation 
oetween change in acidity and vitamin C content whether in the whole 
fruit or in the flesh, when expressed on the basis of 100 g. of materiaL 
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In Fig, 2 are shown the variations in acidity and vitamin C content 
of whole Delicious fruits (type 2 of Table III)* The vitamin content falls 
rapidly at first, but the acidity is almost constant. After three months 
of storage both the vitamin C and acid contents fall slowly. 

An example of Type 3 is afforded by the Statesman variety, data for 
which are plotted in Fig. 3. The rapid loss of vitamin C from the sldn and 
the lower rate of loss from the flesh is clearly indicated. Due to the 
predominating effect of the weight of the flesh compared with that of the 
skin, the curve for the whole fruit closely follows that for the flesh. 
Change in acidity is slow at first, but later becomes more marked. The 
shape of this curve is very similar to that shown in Fig. 2 for Jonathan 
variety, which also is graded as Type 3. 



MCNTWC in stoqc 


Fio. 2. — Variation of vitamin (" content and acidity of Jonathan and Delicious 
varieties on cool storage. 


While the possibility of exchange of vitamin C between the skin and 
the flesh should not be excluded, it seemed desirable to compare the 
progressive change in acidity with that of the vitamin C content of the 
flesh of the fruits. Data for four varieties of Type 3 are plotted in Fig. 4. 
The curves for variation in vitamin content of the flesh are very similar 
in shape, showing a rapid loss early in the storage period, but a much 
reduced rate of loss later on. Jonathan, Statesman, and Granny Smith 
give similar curves for loss of acidity, these being fairly flat at first and 
then falling more rapidly. With Cox’s Orange, however, a straight-line 
relation between acidity and storage time is shown, the loss of acidity 
being rapid throughout. These curves provide evidence that decrease 
in acidity is not directly correlated with loss of vitamin C in the flesh of 
these apple varieties. The data for Sturmer variety in Fig. 1 should also 
be studied in this connection. 
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MONTHS IN STOWE 

Fio. 3. — ^Variation of vitamin C of whole fruit, skin, and flesh and of acidity of 
iStatesman variety on cool storage. 



Fig. 4. — ^Variation of vitamin 0 content of flesh and of acidity of four apple varieties 

on cool storage. 

C s Oox^s Orange ; G » Granny Smith ; J » Jonathan ; S ss Statesman. 


C.C. or ^ rVlOH 
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In this trial no account has been taken of the possible presence of 
dehydroascorbic acid in the fruit. From the work of West and Zilva(3) on 
the apparent synthesis of vitamin C in apples kept under cool-storage 
conditions it may be deduced that even with mature fruit held for as long 
as six months transformation of dehydroascorbic acid to ascorbic acid and 
synthesis of ascorbic acid (vitamin C) will occur. Thus in their experiments 
with Bramley’s Seedling variety the vitamin C content per 100 g. of fresh 
fruit apparently increased (not significantly) from 18*8 mg. to 20*8 mg., 
while the proportion of ascorbic acid present rose from 90-2 per cent, to 
95*8 per cent, of the sum of the ascorbic and dehydroascorbic acid contents. 
In the Nelson trial described above the rate of destruction of ascorbic acid 
must therefore have been greater than the rate of synthesis of ascorbic 
acid and of transformation of dehydroascorbic acid to ascorbic acid. On 
the other hand, oxidation of ascorbic acid to the dehydrocoinpound may 
have occurred. Moreover, in view of the presence of many other labile 
compounds such as sugars in the apple fruits, it is not impossible that the 
changes in vitamin C content may be related more to them than to the 
acids. 
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This organization was set up by the Government of New Zealand, in 
collaboration with the other Governments and responsible authorities of 
the British Commonwealth, to provide up-to-date information in the form 
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Summary 

Pyrethnim has been grown Huec*cssfull3 under e.\pc*rimeritai cori(liti<»n«i m 
New Zealand for twelve years. 

Plants raised from seed were extremely vunahle in growth type, while 
those propagated by rooted or soft -shoot cuttings piodiiced (‘mmi lines of plants. 

Satisfactory crops were secured without the use of fertilizer. 

A spacing of 1 ft. between plants and 2 ft. between rows tici\e better results 
than wider spacing. 

Flowers W'ere harvested bv liand, with a box stripper, and by means of a 
fixed comb, the last method being most satisfactory. 

From small cxptTimeiital crops flowers w’cre dried suecessfully in the sliade 
on scrim -covered wire-netting frames or in an electneally heated, forced- 
draught drier. 

Percentage germination of seed saved in New Zealaml was low’, ranging 
from 22 to 42 pei cent. 


InTKODI CTION 

The possibility of growdng jivrethnim (Vhrymnthvmum cineranar/oJuaft 
(Trev.) Bocc,) in New Zealand has for many years aroused coiusiderable 
public interest. So many inquiries W(*re received concerning its cultivation 
that in 1933 it was decided to experiment, w ith pyretliruni cultivation under 
local conditions. Difficulty was experienced in securing fresh seed, which 
delayed work until 1934, when seed was obtained from the late 
Dr. A. McTaggart, Senior Research Officer, Division of Plant Industry, 
Council for Scientific and Industrial Research, Australia. This jirovided 
material for the investigations covered in this series of pajiers. 

The present article deals with propagation and cultivation of pyrethnim 
and harvesting and drying of flowers. Subsequent papers will cover selection 
of strains for yield of flowers, resistance to root-rot, and habit of growth, 
and the effect of strains, locality, age of jdants, maturity of flowers, age of 
flowers, &c., on pyrethrin content, 

12<-8oleQoe. 
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Pyrethrum is the name applied to certain species of the genus 
Chrysanthemum^ some of which produce, mainly in the flowers, esters kiown 
as pyrethrins, which, while highly toxic to insects, are comparatively 
harmless to warm-blooded animals. The three most important pyrethrin- 
producing species (Mardzhanyan, 1941) are C, cinerariaefoUum (Dalmatian 
pyrethrum), C. roseum (Persian pyrethrum), and C. carneum (a species 
which grows wild in Russia (Petrov and Ikonen, 1931) ). C. cinerariae- 
folium is of the greatest economic importance and is the species used in 
the present investigations and referred to throughout this and subsequent 
articles as “ pyrethrum.” 

Little information is available concerning the early history of pyrethrum. 
Most writers agree that the flowers were first used as an insecticide in 
Persia. The species originally employed were C. roseum and 0. carneum, 
but about the year 1840 C. cinerariaefoUum was produced in Yugoslavia 
and has since displaced the others. Yugoslavia (then known as Dalmatia) 
became the main pyrethrum-producing country, and held this position 
until 1914. Towards the end of the last century commercial cultivation 
was undertaken in Japan, and when the war of 1914-18 prevented production 
in Yugoslavia, Ja})an became the chief exporting country. The plant was 
introduced into K(*uya in 1928 (Beckley et ah 1938) and commercial 
production commenced a few years later. Production increased rapidly, 
until now the colony is the world’s largest producer. Although cultivated 
in many other countries, it is only in those mentioned that pyrethrum has 
become a crop of major im})ortance. 


Strains of Pyrethrum used in New Zealand Experiments 

During the winter of 1934 five strains of seed were secured from 
Australia. One of these had originally come from Switz(»rland while the 
other four were from different Japanese sources. 


Viability of Seexi 

Ball (1944) stated that, in Kenya, seed had a germination of about 
50 per cent, and lost viability rapidly. The percentage germination of 
pyrethrum seed harvested in Australia and New Zealand is also low. 
Thus germination tests of the Australian seed referred to above gave the 
following germination after eighteen days : strain (1), 17 per cent. ; (2), 
16 per cent. ; (3), 31 per cent. ; (4), 44 per cent. ; and (5), 14 per cent. 
Seed harvested at Palmerston North, New Zealand, in the autumn of 1935 
from three different strains gave germination counts of 30, 40, and 42 per 
cent, respectively. Further tests of seed harvested from two pure clone 
lines in 1945 gave germination counts of 22 and 25 per cent. 

Propagation 

In the past it ha.s been usual to propagate pyrethrum from seed. 
Martin and Tattersfield (1934), however, in order to secure uniform plants 
for experimental work, used clonal lines produced from root cuttings. They 
showed that the pyrethrin content of flowers varied with different plants, 
but for individual plants remained constant from season to season. 
Cormack (1935) propagated from selected plants, by means of root cuttings, 
soft-shoot cuttings and crown cuttings. He showed that it was possible 
to secure clones with such desirable characteristics as upright compact 
habit, and even and early flowering (thus facilitating harvesting), and 
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considered, that propagation by cuttings was a practical method of increasing 
stocks. Drain and Shuey (1934) demonstrated that the method was also 
useful in selecting strains with flowers of a high pyrethrin content. Recently 
vegetative propagation has been used commercially in Kenya, where high- 
pyrethrin-producing strains have been utilized (Beckley, 1938). To ensure 
cross-pollination, which is essential for good yields and high pyrethrin 
content, it was necessary to select a large number of clones. 

Under experimental conditions pyrethrum has been successfully 
established in New Zealand from (1) seedlings, (2) rooted cuttings, and 
(3) soft-shoot cuttings. 



Fio. 1. — Pyrothrum plants grown from seed. C’oinpare sliort flower-stalks and 

compact habit of plant in foreground with long flower-stalks and spreading habd 
of surrounding plants. Photo taken twelve months after setting plants out in the 
field. 


(1) Seedlings 

Seed was sown in seed-boxes in a heated glasshouse during August, and 
young plants pricked out into a seed-bed at the end of Septemb(‘r. 
Seedlings were spaced approximately 1| in. apart and wcto shaded for 
the first ten to fourteen days. In November the plants were set out in the 
field. Such plants grew well and sometimes produced a few flowers in the 
first autumn. They came iiit-o full flower in the following November and 
December. Observations made during the flowering period showed that 
plants raised from seed varied greatly in size, habit, amount and colour 
of foliage, shape of leaves, length of flower-stalks, number and size of flowcr- 
heads, total yield of flowers, evenness of flowering, and susceptibility to 
root-rot (Fig. 1). 

12 ^ 
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(2) Rooted CtiUings 

Pyrethrum plants can be split into numerous portions each bearing 
roots (Fig. 2 (a) ). Their number depended on strain, age, and condition of 
the parent plant, varying from less than ten to over one hundred. Division 
of plants required such care that one person could prepare only 100 cuttings 
in an hour. Best results were obtained when cuttmgs were taken before 
mid-September, though a percentage strike was obtained from mid-June 
to early October. They were either set out directly into permanent positions 
in the field or pricked out into beds. The latter method proved more satis- 
factory, as cuttings could be given more attention, with the result that 
percentage survival was much higher, and better and more uniform plants 
obtained. 



[Photf^ by L. H. Wright. 

Fig. 2. — Pyrethrum cuttings : (a) rooted cutting prepared for 
planting ; {h) soft-shoot cuttings ready for striking in sand. 


Unless conditions of soil and season were favourable, planting directly 
to the field led to uneven growth. Cuttings raised in beds, however, and set 
out in the field during November and December produced even, vigorous 
plants. With both methods a few flowers were sometimes produced in the 
autumn, but plants did not come into full bearing until November- 
December of the year following setting out. 

A modification of this method was to divide plants into sections (Fig. 3) 
and set them out into their permanent positions. They were found ta 
establish readily. 
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( 3 ) Soft-shoot Cuttings 

From old plants and ])lants of certain strains only a few cuttings with 
roots could be secured. Such planti?, however, yielded numerous soft shoots 
suitable for cuttings (Fig. 2 (6) ). These were removed, trimmed, and struck 
in sand at the rate of 350 cuttings per seedling-box of 18 in. X 12 in. X 3 in. 
deep (Fig. 4). A well-grown plant yielded up to 350 cuttings, and one person 
could prepare and plant about 2rX) per hour. Cuttings were taken during 
June, July, and August. Under favourable conditions a strike of over 
90 per cent, was obtained. When well rootcnl, cuttings were pricked out 



{Photo by L, U. WngtU. 

Fig. 3* — Portion of a well-grown pyrethnim plant which 
htis been divided up into a number of sections. Such 
divisions may be set out in permanent positions to 
establish a new area. 

into beds, the spacing being 1^ in. either >vay\ They required some 
protection from direct sunlight during the early stages. Plants were 
transferred from beds to the field during November and December and 
came into full bearing twelve months later. Using this nu'thod, very even 
stands were obtained in the field (Fig. 5). 

Where methods of vegetative propagation were used the progeny of 
single plants were kept separate so that clonal lines were obtained. No 
variation was observed within clones. Variation between clones, however, 
was as great as that between individual plants in lines raised from seed. 
Differences in^ leaf shape and in plant habit are shown in Figs. 2 and 3. 
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Manuring 

Application of fertilizers to p 3 nrethrum crops has received a considerable 
amount of attention. It has been claimed by some that manuring is 
detrimental to the crop, but in poor soils such as that existing on the island 
of Hokkaido in Japan the use of manures is apparently necessary (Gnadinger, 
1933). Recent work has shown that, although the rnanurial requirements 
of the crop are small, fertilizers may be applied with advantage (Martin 
€t oZ. 1939 ; Ball, 1944). In our experiments no fertilizers were applied 
either at planting or subsequently. 

Spacing of Plants in the Field 

In commercial crops there is considerable variation in spacing of plants. 
Thus in Yugoslavia they are grown roughly 10 in. to 12 in. apart, and in 
Japan seedlings are set out at 7 in. to 12 in. with 12 in. to 24 in. between 
rows (Gnadinger, 1933). Spacing in Kenya varies from 15 in. x 15 in. to 
24 in. X 30 in., according to locality and soil type (Beckley et al., 1938). 
Under experimental conditions in Australia plants were set out in rows 
18 in. apart with 12 in. between plants (McTaggart, 1934), and in Rhodesia 
at 6 in. to 12 in. with 18 in. to 24 in. between rows (Arnold, 1939). 



\ Photo by H. Drake . 


Pig. 4. — Soft-shoot cuttings of pyrethrura. Each box contains 350 cuttings taken from 
a single one-year-old plant and struck in sand. Note variation of foliage type 
between cuttings in the different boxes. 

In the United States of America Evans et al. (1935) experimented with 
effects of spacing interval in the row upon yield of flowers. Plants were 
spaced at 9, 12, 15, 18, 21, and 24 in. apart in rows 30 in. apart. They 
found that closer spacings gave a significantly greater yield per acre than did 
wider spacings. They found also that close spacing induced upright stems, 
with a decreased tendency to spread and lodge. 

In New Zealand most plantings have been carried out with a spacing 
of 12 in. between plants and 24 in. between rows. In one planting spacing 
was increased to 18 in. between plants and 30 in. between rows. No 
comparative trials were made, but observations and gross weights of crop 
suggested that the wider spacing did not yield a greater weight of flowers 
per plant, and consequently yield per acre was much reduced. At the wider 
spacing there was a greater tendency for plants to spread and for flower- 
l^eads to lodge. 
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Cultivation and Weeding 

Shallow cultivation was practised, the crop responding well to such 
treatment. It was found necessary to keep the (^rop as free as ])ossible from 
weeds. When plants were small, cultivation between rows with a Planet 
Junior was possible, but in a well-grown (toj) it was nece,ssary to us(‘ a hoe. 


Cutting Back 

Overseas, the extent to Tvhich jilants should be cut back after harvesting 
has received some att(‘ntion. In Kenya it was found that cutting of foliage 
caused a serious reduction of crop in the following season, and that highest 
yields were obtained when only old flower-stalks were removed (Ball, 1944). 

In New Zealand experiments flower-stalks were cut with a sickle during 
harvesting, and as far as possible no foliage was removed. Out-of-season 
flowers which appeared in the autumn were also removed with a sickle. 



Phnto hft U Drnl'P 


Fi(j. .■).-~(1«)nal lines of pyrethrum. Plants raised from soft- 
shoot cuttings. Note difference m growth between tlie 
throe strains; (!) top left, (2) three rows left centre, 
and (3) two rows right. Photo taken nine months after 
setting plants out in the field. 


Harvesting of Flowers 

Under commercial conditions ])yrethruni flower-heads have been either 
hand-picked or flowers cut with a sickle and heads removed with a comb. 
In Kenya, where the flowering period extends (jver ten months of the year 
(Beckley, 1938), hand-picking is a necessity. In Ja])an larger growers used 
the comb method (Gnadinger, 1933). Both methods are costly in labour, 
and in recent years workers in the United States of America have sought 
to lower harvesting costs by using semi-mechanical methods or mechanical 
atrippers (Sievers et al, 1941). From the authors’ descriptions it would 
appear that a satisfactory type of mechanical harvester has been evolved. 
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During the first harvest of the experimental crop in New Zealand all 
flowers were hand-picked. In the second season a box-stripper consisting 
of a comb with canvas receptacle was used. This required two men to 
operate, one holding the stripper and the other adjusting the flower-heads 
"on to the comb. The box-stripper method, although an improvement on 
hand-picking, proved to be slow and tedious. In the following year a fixed 
comb was set up and flowers cut with a sickle were stripped on the comb 
and heads collected on a canvas sheet. This last method proved quite 
satisfactory for handling a small experimental crop. 

Drying of Flowers 

It has been the practice^ in Yugoslavia and Japan to air-dry flowers. 
In the formt*r country drying was carried out in the shade if possible, but, 
when rain threatened, flow(*r8 were dried as quickly as possible in the sun. 
In Japan drying in the sun was the general practice (Gnadinger, 1933). 
Such methods are ])racticable oniy in countries where there is a dry 
harvesting season. In K(*nya, where flowers arc picked during the wet 
season, kiln-drying has been developed (Beckley, 1937 ; Walker, 1940). 

Even in Yugoslavia and Japan air-drying was not very satisfactory, 
as variations in weather often resulted in development of mould which 
caused discoloration of flowers and lowered their pyrethrin content. Kiln- 
drying is much superior as it produces a uniform product, the flowers being 
bright in colour and having a consistent pyrethrin content. 

Under New Zealand conditions drying of flowers in the open is not 
practicable since the weather is usually unsettled during the harvesting 
period of late November and early December. At first, flower-heads were 
laid out on benches or sjiread on the floor of a barn to dry. This method 
was unsatisfactory, for, during periods of dull or wet weather, it was almost 
impossible to prevent development of mould, in spite of spreading flowers 
into very thin layers and turning frequently. The method was soon 
abandoned, and flowers dried on wire-netting frames covered with scrim. 
It was necessary to keep the layers thin and to turn frequently in dull or 
wet weather. By exercising much care this method was found satisfactory 
for drying flowers from small experimental areas. 

Smaller samples have also been successfully dried in an electrically 
heated drier with forced draught. 

Need for Selection 

Seedlings from five strains of seed were set out in the field in November 
of 1934 and made good growth during the summer. They produced a small 
crop of flowers during the autumn, and the extreme variation in plants at 
this stage emphasized the need for selection. 

From the outset it was evident that, with the high labour-costs ruling 
in New Zealand, pyrethrum could not be economically produced in the 
Dominion under methods similar to those employed in other countries. 
To make production possible it would be necessary both to increase the 
value of the crop per acre and to use a mechanical means of harvesting. 
Value of crop per acre could be raised by increasing the yield of flower- 
heads and by improving their pyrethrin content. To permit of mechanical 
harvesting, plants would require to (1) be even in size, (2) produce flower- 
stalks of the same length, (3) be upright in habit of growth, and (4) come 
into flower at the same time. Resistance of plants to root-ro,t ; would also 
have to be considered. 
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Martin and Tattersfield (1934) had already shown that an even line of 
plants could be obtained by striking a number of root cuttings from a single 
plant. This suggested the possibility of selecting plants for type and 
increasing them by vegetative pro])agation. Details of work on the 
selection of pure clone lines will be given in the next of this series of 
articles. 
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TEMPERATURE AND HUMIDITY CONTROL IN 
CHEESE-CURING ROOMS 

By T. R. Vernon, Dairy Research Institute (N.Z.), Department of 
Scientific and Industrial Research, Palmerston North 

[^Received for publication. 2 1st October. 1940\ 

Summary 

(1) Similar cheeses from the one vat of milk were stored for the usual 
fourteen-day period in three different typ<*s of ciiring-room : — 

(а) An uninsulated room. 

(б) An insulated room. 

(c) An insulated room controlled automatically at a temperature of 55 f. 
and a humidity of 85 per cent. 

The trials were carried out over two dairying seasons. 

(2) The cheeses from the controlled room were of better quality both at 
fourteen days and at three months than the corresponding cheeses from the 
other rooms, and they regularly suffered less shrinkage (to the extent of 0*25 
to 0*6 per cent.) during the time they were under controlled conditions. Later 
after three months storage at 45*^ f. with no control of humidity they hnally 
showed the same total shrinkage as the other cheeses. 

(3) The suppression of mould-growth in the controlled room was not 
complete, although it was adequate for practical purposes. A lowering of the 
relative humi^ty to 8(1-82 per cent, might be advisable. 

( 4 ) The extra cost of plant for the controlled room is partly offset by 
the simpler construction of the room itself, and the cost of operation is probably 
offset by the saving in shrinkage. 



362 


The N.Z. Joubnal of Science and Technolooy [Apbil 


New Zealand Cheddar cheese is held in a curing-room Bt the factory for 
at least fourteen days before it is packed for export. During this storage 
period the fresh cheese curd is undergoing very rapid changes under the 
influence of the proteolytic enzymes, hence the importance of controlled 
temperature and humidity conditions in the curing-room is greater than.at 
any subsequent stage in the “ life ” of the cheese. 

Maintenance of the temperature within a certain range is necessary to 
provide optimum conditions for the enzymatic changes in the cheese curd. 
Too high a temperature leads to abnormal protein breakdown and to 
excessive mechanical settling with loss of shape of the cheese. Too low a 
temperature delays ripening. Fluctuations in temperature by causing 
excessive contraction and expansion lead to mechanical fractures in the 
body of the cheese. 

Too dry an atmosphere in the curing-room will give excessive shrinkage 
of the cheese due to evaporation of moisture, and consequently a lower 
monetary return to the company. On the other hand, too high a humidity 
(especially when accompanied by a high temperature) will encourage mould- 
growth on the rind of the cheese. The mould may then penetrate into the 
interior of the cheese through cracks or plug holes and cause spoilage. But 
even if the mould merely forms a coating on the rind it is objectionable 
to workers who have to handle the cheese, and inhalation of the spore-dust 
over a long period may be injurious to health. 

From these several points of view it is therefore desirabh* that curing- 
rooms at cheese-factories should be designed so as to provide optimum 
conditions for cheese-ripening. Many rooms in New Zealand factories are 
far from satisfactory at prescmt, and che work described in this paper was 
undertaken with the object of finding out how best to improve the general 
design of cheese-curing rooms. Originally the main object of the work 
was to specify conditions which would minimize mould-growth on cheese, 
but it soon became evident that that was only one of the ail vantages to be 
gained by controlling temperature and humidity. Saving of shrinkage in 
particular seen 55 li, to . be a feature which would offer an inducement to 
cheese-producing companies to improve their curing-rooms. 


Definition of Optimum Conditions 

It will be clear from the foregoing that optimum atmospheric conditions 
in the curing-room are a matter for compromise. High humidity reduces 
shrinkage but encourages mould-growth. Low humidity reduces mould- 
growth but causes excessive shrinkage. It is necessary, therefore, to strike 
a balance between these opposing effects and at the same time maintain a 
Constant, suitable temperature. Preliminary experiments indicated that 
mould did not readily develop on the rind of freshly made Cheddar cheese 
when the relative humidity of the surrounding atmosphere was kept below 
80 per cent, and that between 80 and 85 per cent. E.H. mould-growth was 
kept to a satisfactory minimum. This, then, sets the upper permissible 
limit for humidity. Cheese-ripening proceeds normally at a temperature 
between 55° and 60° f. Since mould-growth is restrained by low temj>erature 
the curing-room should thus be maintained at an upper temperature limit 
of 55° F. 

Optimum values to be aimed at in the experiments were therefore 
provisioi^ally set at 55° f. and 80-85 per cent. R.H. 
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Existing Curing-rooms 

The design of cheese-curing rooms has not hitherto received much 
attention in New Zealand. In most of the rooms atmospheric conditions 
are virtually uncontrolled, and both temperature and humidity undergo 
wide variations. During hot weather the high temperature in the curing- 
room tends to govern the methods of cheese -manufacture employed by the 
manager in that the cheese has to be made to “ stand up ” to conditions m 
the curing-room. The only methods available for partial control of 
temperature and humidity are ventilation through the windows or through 
trap-doors in the ceiling, and heating by steam-pipes in cold weather. The 
only control for mould-growth consists in the burning of sul})hur or the use 
of formalin. Existing curing-rooms fall into ()n(* of the following classes : — 

(1) Urjifisulated.—Theso older curing-rooms are usually built of wood. 

They are fitted with single-glazed windows which j)ro\dde light and 
ventilation. High ceilings with adjustable trap-doors also help 
with the ventilation. There is usually no means of tem])eratu re- 
control. 

(2) Insulated. — (a) Without refrigeration ; (h) with refrigeration, manually 

controlled. 

Ihitil recently the use of insulation and double windows rejjresented 
the only improvement inx'uring-room design over the uninsulated w^ooden 
room. The more modern rooms of this improved type are built of brick or 
concrete with 2 in. (occasionally 4 in.) of cork insulation on walls and 
ceiling. The older insulated rooms are of wood with 4-6 in. of pumice or 
sawdust for insulation. 

In a few rooms a mechanical refrigerating-plant Is used for cooling iu 
hot weather, but- the freezing unit is manually controlled, and consequently 
it is difficult to maintain a constant temperature in the room. Furthermore, 
a lowering of temperature without coincident humidity-control tends to 
stimulate mould-growth. 

The insulated curing-room does help to maiutaiiLcoo^t curing conditions 
in hot weather, but it leaves much to be desired. Monkf is mon* troublesome 
than in an uninsulated room, and if the room does get warm it takes longer 
to cool down because of the insulation. So from all points of view it was 
evident, when work on curing-room design was projected, that both 
temperature and humidity had to be controlled if completely satisfactory 
results were to be obtained. 


The First Air-conditioned Curing-room in New Zealand 

One dairy company was faced with the necessity of building a new 
curing-room, and the directors were persuaded to construct it on new lines 
and to install apparatus for the control of temperature and humidity. This 
was an important step likely to affect the whole industry, so the opportunity 
was taken, with the co-operation of the factory, to- carry out experiments 
to determine the effects of the controlled curing-room conditions on the 
cheese. 

The controlled room, of reinforced concrete, was well insulated and was 
fitted with equipment for automatic temperature and humidity control. 
Ducts were used to distribute the conditioned air evenly throughout the room. 
The building had a low ceiling, and no windows whatever were provided. 
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Figure 1 is a sketch-plan of the general lay-out. The ducting was suspended 
from the ceiling, and adjustable ports were arranged so as to give good air 
distribution as indicated by arrows. An adjustable port on the exterior 
wall behind the fan permitted air from outside the room to be drawn in as 
desired. Humidity was lowered by means of an electric heater operated 
by the humidistat, the excess moisture being condensed on cooling coils 
operated by the thermostat. Steam injected into the duct system (humidistat 
controlled) raised the humidity when necessary. 


Temperature and Humidity Variation in Practice 

The controlled curing-room described above was compared with insulated 
and uninsulated rooms, without controls, situated at cheese -factories all in 
the same district. 



Fia. 1. — Sketch-plan of controlled (air-conditioned) checHe-curing room. 


Thermographic records were kept for the three types of curing-rooms 
throughout the cheesemakiiig season. The factory managers also recorded 
temperatures at 9 a.m. and 4 p.m. dail}’. Table I shows the maximum, 
minimum, and mean temperatures in the curing-rooms. 


Tabi.¥. I. — Temperature in CrEino-RooMs (" f.) 


Month. 

Infill la ted. 

Insulated. 

Controlled. 

Max. 

Min. 

Mean. 

Max. 

Min. 

Mean. 

Max. 

Min. 

Mean. 

October 

64 

54 

58 

60 

60 

54 

56 

53 

64*5 

November 

69 

58 

63 

66-5 

55 

61 

57 

53 

55 

December . . 

74 

59 

66 

69 

60 

64 

57 

54 

66’6 

January . . 

74 

61 

67 

71 

69 

66*6 

57 

54 

65-6 

February . . 

71 

58 

64 

69 

56 

62 

57 

54 

65-6 

March 

71 

57 

64 

70 

66 

62 

57 

54 

66-6 


The temperatures in Table I refer to three factories situated within a 
Jew miles of each other, and while they illustrate the effect of insulation and 
control they do not bring out the great variations in curing-room temperatures 
that occur throughout New Zealand. Temperatures of 80° f. and more 
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have been observed in curing-rooms. Table II shows the maximum daily 
variation in temperature during the season following that referred to in 
Table 1. 


Tablk 11. — Curing-boom Temperatures: Maximum Daily Variation {" f.) 


Month. 

Outside. 

Uninsulated. 

Insulated. 

Controlled. 

November . . 

35 

12 

6 

4 

December . . 

28 

13 

9 

3 

January 

3.5 

15 I 

7 

3 

February . . 

35 

14 ! 

7 

3 

March 

37 

17 1 

9 

3 


Measurements of humidity were made throughout the season by means of 
a whirling hygrometer. Figure 2 shows the daily readings of wet- and dry- 
bulb thermometers in an uninsulated and a controlled room on fourteen 



Fxo, 2. — Wet- and dry-bulb temperatures in controlled (air-conditioned) and uncontrolled 
cheese-curing rooms for fortnight ending 26tb January, 1040. 


consecutive days, readings being taken at 9 a.m. and 4 p.m. daily. During 
the season the humidity in the. uninsulated room varied from 50-95 per cent., 
with wide daily fluctuations, particularly in the autumn, when night 
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temperatures were low and day temperatures fairly high. In the insidated 
(but uncontrolled) room the daily variations were not so great and humidity 
was generally higher than in the uninsulated room. The range of variation 
during the season was 61-94 per cent. R.H. 


Influence of the Three Types of Room on the Cheese 

With the co-operation of the factories concerned, an investigation over 
two dairying seasons was made into the effect upon cheese of storage for 
fourteen days in an uninsulated, an insulated, and an insulated and controlled 
curing-room. Cheeses from a vat in one of the factories were transported 
in their hoops to the various curing-rooms. The cheeses were weighed as 
taken from the hoops and again after fourteen days storage. Notes on the 
presence or absence of mould-growth on the cheeses were made when they 
were graded for quality at fourteen days. Records of temperature and 
humidity in the curing-rooms were kept throughout the two seasons. 



Fig. 3.-r~Cheese shrinkage in three types of curing-room for season 1939-40. 


(1) Shrinkage . — Although the loss in weight of cheese during the curing 
period is not due to a simple drying process, obviously both temperature 
and humidity are important factors. Shrinkage losses are greatest under 
conditions of high temperature and low humidity, and it was to be expected 
that control of temperature and humidity would reduce shrinkage. From the 
results plotted in Figs. 3 and 4 several important points emerge. 

The shrinkage losses in the controlled room were less than those in the 
other two rooms. The saving amounted to 0'25-0*5 per cent, (in a factory 
with a yearly output of 400 tons — ^this is equivalent to 1-2 tons of cheese 
per year). The general trend of all three curves is similar. This fact, 
together with the variability of the shrinkage in the controlled room, 
indicates some factor in the nature of the cheeses themselves which affects 
shrinkage even more than temperature and humidity. Further work is 
required on this point. While controlled curing-room conditions result in 
a definite reduction in shrinkage losses, this reduction is not maintained 
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during subsequent storage. After a further three months at 45° f. (no 
humidity-control) shrinkage losses were approximately the same with cheeses 
from all three curing-rooms — viz., controlled, 4*56 per cent. ; insulated, 
4*66 per cent. ; uninsulated, 4*61 per cent. This result draws attention to 
the desirability of air-conditioning cheese-storage space in ports and on 
ships as well as in the dairy factory, so that the cheese may be kept under 
ideal conditions until it reaches the market. Under present conditions 
some of the benefit derived from a controlled curing-room is negatived 
(and in particular the saving in shrinkage is lost again) by storage of the 
cheese under uncontrolled humidity conditions after it leaves the dairy 
factory. Since, however, the factory is paid on the packed weight of the 
cheese, the saving in shrinkage due to an air-conditioned room brings a 
monetary gain to the individual factory and helps to pay for the costs of 
operation of the air-conditioning plant. 



Z7 4- 11 18 1 15 22 29 /V 2t> 5 “ 1Z 19 


Novciiihcr JunuJtry I\bru<3ry 

Fio. 4. —Cheese shrinkage in three types of curing-room for season 1140-41. 

(2) Quality . — An important factor in these experiments which tended to 
obscure the full effects of controlled conditions on cheese-curing was the 
nature of the experimental cheeses. On account of trans])ort difficulties 
it was necessary to obtain them from the factory which used the uninsulated 
curing-room. They were consequently not quite normal because they had 
been specially made to withstand the variations in temperature and humidity 
which occur in an uncontrolled room. In spite of this, however, the grading 
of the experimental cheeses at fourteen days and at three months showed 
that controlled conditions in the curing-room during the first fourteen days 
had a beneficial effect on quality. The tests were carried out over a period 
of seventeen weeks from November to March, two cheeses being graded from 
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each curing-room each week. The results are given in Table III. The 
grading was done by the official Government Grader at the port of export 
without knowledge of the significance of the cheese markings- On eleven 
occasions out of the seventeen the cheeses from the controlled room were 
considered to be smoother in body and closer in texture than corresponding 
cheeses froni the uncontrolled rooms. Compared with cheese from the 
uninsulated room, cheese from the controlled room was awarded at the 
fourteen-day grading 

1 point more on 2 occasions. 

I point more on 3 occasions. 

I point more on 7 occasions. 

J point more on 1 occasion. 

Tablb III. — Effect of Controlled Cubiho-room Conditions on Cheese Quality 


Graded at Fourteen Days. 


Regraded at Three B 

ionths. 


Uninsulated. 

Insulated. 

Controlled. 

Uninsulated. 

Insulated. 

Ck)ntrollcd. 

92 

•0 

92-5 

92 

.6 

92 

-5 

93 

•0 

93 

■0 

92 

•0 

92 0 

92 

5 

92 

•0 

92 

•0 

92 

•5 

91 

•f) 

91-5 

92 

0 

91 

5 

92 

•0 

92 

■25 

92 

•0 

92 0 

93 

0 

91 

-0 

91 

•0 

92 

•0 

91 

•5 

91-6 

92 

25 

91 

5 

91 

•5 

92 

•0 

92 

•0 

92-0 

92 

0 

91 

5 

91 

-5 

91 

•5 

92 

•0 

92 0 

92 

5 

92 

•0 

92 

•25 

92 

•5 

92 

■6 

92-5 

93 

0 

92 

5 

92 

•5 

93 

0 

92 

•0 

92 0 

92 

5 

92 

0 

92 

•0 1 

92 

5 

91 

•5 

91-5 

92 

5 

92 

5 

92 

■0 I 

92 

5 

92 

•0 

920 

92 

76 

92 

25 

92 

■25 1 

93 

0 

91 

5 

91-6 

91 

5 

91 

0 

91 

■0 1 

91 

0 

91 

6 

91-5 

92 

25 

91 

6 

91 

5 

92 

■0 

91 

0 

91 0 

91 • 

5 

91 

0 

91- 

0 

91 

■0 

92 

0 

920 

92- 

0 

92 

0 

92- 

0 

92 

0 

92 

26 

92-25 

92- 

5 

92 

26 

92 

25 

92- 

5 

92 

0 

92-0 

92' 

0 

92- 

0 

92 

0 


0 

Av. 91 

■84 

91-87 

92- 

31 

91- 

76 

91- 

86 

92- 

18 


No difference was detectable on four occasions, but on two of these all 
the cheeses were marked down for some special defect. In round figures, 
at fourteen days the cheeses from the controlled room were half a point 
better than those from the uncontrolled rooms. At three months the 
difference was smaller but still significant. The grader’s general comments 
were as follows : ‘‘ There was a slight preference for the body of the cheeses 
from the controlled room. .These were mostly ‘ smoother rubbing ’ and 
‘ meatier,’ and the texture was inclined to be closer. Cheese carrying a 
shade too much acid showed to better advantage from the controlled room, 
the body ‘ rubbing smoother.’ ” 

(3) Mould . — Estimations of the extent of moulding of th^ cheese were 
made at fourteen days and after cold storage for three months. In one set 
of trials, cheeses in the controlled room were practically free from mould, 
but in the other series slight moulding was evident. Cheeses from all three 
rooms showed relatively little mould in fourteen days. The uninsulated 
room gave least mould (humidity generally low). The controlled room 
occupied a midway position,* while most mould developed in the insulated 
room (humidity occasionally high). Mould-growth was correlated with 
humidity. 
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The development of mould in the controlled room may be f)artly 
-explained by the initial difficulty experienced in adjusting the huniidity- 
controls and partly by the fact that the new concrete of the room had not 
had time to dry out thoroughly. 

The results indicate that controlled humidity limits mould-growth on 
cheese to a satisfactory degree, but that to give a greater margin of safety 
it might be advisable to aim at a humidity of 80-82 per cent, rather than 
the 85 per cent, aimed at in the trials. 

(4) Cost, — Unfortunately, it was not possible to get an accurate measure- 
ment of the cost of operation. The power used passed through the general 
factory meter, and a number of factors prevtuited a reliablt», (\stimate from 
being obtained. As nearly as can be judged from the figures availa})le, the 
running-costs amounted approxiniat(*ly to £1 per 10 tons of cheese. This 
must be regarded as only a very rough estimate. 

In estimating costs it is necessary, in addition to calculations with regard 
to capital exjienditure, dejireciation, re]>airs, maintenance, and operating 
costs, to take into account the cost of the curing-room itself. The insulated 
curing-room with high ceiling and double windows is a costly structure and 
of doubtful value, as the tests described above have shown that the advantage 
of insulation per se are not great. On the other hand, the design of a 
controlled room is simjiler. The plain, insulated walls are easier to construct 
and are more effective insulators than 'walls broken by a number of windows. 
Control of temperature and humidity eliminates the exfiense of double 
glazing and high ceilings. 

Thus the controlled room is cheaper to build, the saving going far 
towards covering the cost of the controlling equipment. The saving in 
shrinkage probably covers the operating-costs. Thus any improvement in 
quality and any reduction of mould is clear gain. In addition, there is the 
added advantage that the cheesemaker does not have to make the cheese to 
.suit high and varying curing-room temperatures. 
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LAND-CRESS TAINT IN CREAM AND BUTTER 

III. RELATION OF CONDITIONS OP FEEDING LAND-CRESS TO 
COWS TO INCIDENCE OF LAND-CRESS TAINT IN CREAM 
AND BUTTER 

By F. H. McDowall, I. D. Morton, and J. J. O’Dea. Dairy Research 
Institute (N.Z.), Department of Scientific and Industrial Research, 
Palmerston North, and A. V. Allo, Fields Division, Department of 
Agriculture, Tauranga 


( Continued frotn f. 315 ) 

{Received for publication, 17th September, 1946] 

Summary 

Cress taint was present in cream from a cow drenched with juice from I lb. 
to 15 lb. of land-cress-plant material thirty and sixty minutes before milking. 
Voluntary consumption of as little as 2 oz. of cress by cows being fed in stalls 
caused land-cress taint in the cream from milk drawn within thirty minutes 
after ingestion of the cress. 

Forced feeding of 1 lb. to 5 lb. of minced land-cress mixed with meals gave 
strong cress taint in the night’s cream, and frequently cress taint in the morning's 
• cream. Cress taint appeared in the milk and cream within thirty minutes of 
forced administration of cress to the cow. When cows wore forcibly fed with 
cress at noon and were milked at 3 p.m. and 9 p.m., the strongest cress taint 
occurred in the cream from the 9 p.m. milking. Cress taint frequently occurred 
in the morning’s milk and cream from cows fed cress at noon the previous day, 
but the intensity of the taint was much lower than for the evening's milk and 
cream. 

The effect of cress ingestion on the flavour of milk and cream varied foi‘ 
different cows on any one day, and with the individual cow from day to day. 

Admixture of clover with the cress fed to cows did not affect the intensity 
of land-cross taint in the cream. 

Land-cress hay caused a cress taint in the cream, but the effect was much 
weaker than with the fresh plant. 

Field grazing trials showed that removal of the herd from cress-infested 
pastures at 12 noon was not completely effective in preventing cress taint in the 
cream, but on some days cress taint was absent from the herd supply, and on all 
days the intensity of the taint was greatly reduced. It is recommended that all 
care be taken on dairy-farms to prevent cress infestation, by maintaining a dense 
pasture sward, by autumn sowing of new pastures in preference to spring sowing, 
and by use of a first-quality grass- and clover-seed mixture. Where cress 
infestation occurs, the area preferably should be grazed with dry stock. If this is 
not possible, controlled grazing — i.e., removal of the cows from the area not 
later than noon each day — should be practised. 


Lani3-cress taint in milk and cream, due to ingestion of the land-cress plant 
(Corom)pus didymm) by milking-cows, has been described in a previous 
paper(l). Removal of the taint from cream by processing in the factory has 
not been generally successful, as will be shown in a subsequent paper. The 
best approach to a method of control appears to be careful supervision of the 
grazing conditions of the herds on the forms. The present paper gives the 
results of some investigations on the relation of these grazing conditions to 
appearance and intensity of land-cress taint in milk and cream. 
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Transmission of Taints from Feeds to Milk, and Their Elimination 

The time interval between consumption of a tainting food by a cow and 
the first ap])earance of taint in the milk may be very short. Garlic taint, 
for example, has been noted in milk one minute after the cow had consumed 
garlic (over a period of ten minutes) and was quite strong in ten minutes. 
The quick transfer of taint to the blood-stream may occur either via the 
inhalation during mastication of the plant material or via the return juices 
from the rumen, which, as Schalk and Amadon(2) have shown, is constantly 
being flooded by liquids from the second stomach. Thes^i liquids rajudly 
pass to the third and fourth stomachs, where they can be absorbed. The 
actual time interval before the taint appears in the milk varies with the 
amount of tainting food given, the condition in which it is given— (?.//., solid 
or liquid — ^the nature of the tainting substancts and the individuality of the 
cow. 

Most taints can be eliminated by the cow wdthin a period of a few hours 
after ingestion of the tainting food. They are either destroyed by conversion 
to odourless substanc(*s, or are excreted in the fseces and urine, or are dis])ersed 
in the exhalation. The breath of cows that liave consumed j)euiiy-cres8 
{Thiaspe arrense), for example, has been reported(3) to be irritating to the 
eyes of a jjerson standing nearby, and the breath of cows that have consum(»d 
onions has a strong onion odour. When cows were forcibly fed with land- 
cress, as described later, their breath had an objectionable odour. The. cow 
can eliminate taints even from ])reformed milk in the udder, apparently by 
diffusion from the rnillc in the alveoli back to the blood-stream. 

Controlled Grazing and Incidence of Taints in Milk 

Riddet et n?.(4), Davies(5), and Marryat(6) have showm that transference 
of COW'S from do very pastures some hours IxTore milking greatly reduces the 
incidence of clover taint in the milk, and the work of Davies and Marryat 
demonstrated clearly that there is no loss of ])roduction either of milk or t)f 
butterfat when cow'sare transferred to a bare })addock s(‘veral hours before the 
evtuiing milking, provided that the pasture grass in the grazing area is suffi- 
ciently long to allow' the cow to gather enough food during the shorter ])eriod 
available for feeding. Davies recommended that the cow's should be trans- 
ferred to the milking-yard, whereas Marryat recommended use of a bare 
paddock because of its greater comfort. They agree that the area should 
have both good water-supply and shade. 

Night’s milk is always more heavily tainted than morning’s milk, due to 
the effect of the grazing habits of the cows. Levy (7) has shown that cows 
graze at all hours during the day, but normally not after midnight during 
the night interval between milkings. This is fortunate, as, owdng to the 
practical difficulties of shifting cows from a feed-tain t-producing j)asture at 
night, controlled grazing during the night interval appears not to be feasible. 
It is not usual for all pastures on a farm to be infested with land-cress. 
Control of the taint by control grazing is thus simplified, because the cows 
can be removed to the clean pasture instead of to the yard or bare paddock, 
if this proves more convenient. 

Alio and McDowall(8) have already discussed the control of land-cress 
taint as a farming problem, and have recommended the farmer “ (a) to do his 
utmost to prevent the growth of cress in his dairy pasture by a carefully 
planned system of pasture management, and (6) if, in spite of his efforts, or 
through any other cause outside his control, cress invasion occurs, to initiate 
a system of controlled grazing on the infested areas.” 
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These recommendations are based on grazing trials first undertaken by 
Walker at Tauranga and later continued by the authors at the Dairy Research 
Institute (N.Z.) and at Tauranga and Te Puke, and it is the purpose of the 
present paper to give a detailed account of the trials. 


Drenching of Cows with Land-cress Juice 

Campbell(9) in 1937 drenched cows with juice obtained from the land- 
cress plant by means of a juice-extractor, and milked the cows at one-half -hour 
and one-hour intervals after drenching. The milk was separated and the 
creams were graded. The results are given in Table I. 


Table I. — Results of Drenching Cow “Minx’* with Land-cress Juice 

(After Campbell) 


Date. 

Weight of Crei^s 
from wliicli 

Juice extractwl. 

Time of Drenching. 

Time Intervals 
l>etween Drenching 
and Milking. 

Grading Ketnark>4 
on Cream. 

21/11/37 .. 

161b. mature and 
seedy 

Night milking 

1 1 hr. 

Strong sardine- 
flavour. Cream 
second grade. 

22/11/37 .. 

10 Ib. mature and 
seedy 



Ditto. 

23/11/37 .. 

4 lb. fresh and 
green, but m 
seed 

Morning milking 

Two quarters 
milked at J hr. 

Two quarters 
milked at 1 hr. 

Distinct cress 
flavour. Poor 
first grade. 
Cress flavour 
slightly strongei’. 

24/11/37 

1 lb. fresh and 
green, but in 
seed 

Night milking 

1 hr. 

Cress taint 
noticeable in 
hot cream. 

26/11/37 .. 

Ditto 


»» • • 

Slight but de- 
finite cress 
taint in milk 
and cream. 
Cream first 
grade. 


Juice from 1 lb. of land-cress was thus shown to be sufficient to cause 
land-cress taint in milk one hour after administration to a cow. The result 
may be compared with the findings of Babcock(lO) that J lb. garlic, and of 
Eckles, Combs, and Derby(3) that less than ^ lb. of penny-cress, caused the 
milk to be tainted. 


Feeding of Land-cress Plants to Cows in Stalls 

When cress was given to cows kept in stalls, it was noticed that only a 
portion was eaten. If the cress was mixed with a large proportion of Italian 
rye-grass, the cow was able to segregate and reject a proportion of the weed. 
Stall-feeding trials, dejiending on the voluntary consumption of cress by cows, 
are therefore liable to miscarry, and it was generally found preferable tb 
use forced feeding. For this purpose the cress was minced and was then 
mixed with sufficient pollard and linseed-meal mixture to produce reasonably 
cohesive boluses, which were forcibly given to the cow at the selected time 
before milking. The results of some of these feeding trials are given in 
Tables II and III. 
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Table II. — Results op Stall-peedino Trials depending on Voluntary 
Consumption op Cress by Ck)ws 


Date. 


DetailB of Cress Feeding. 


15/9/39 


One cow given 2 lb. of land- 
cress along with 20 lb. 
freshly picked Italian rye- 
grass 


16/9/39 


Cow A : J lb. cress given, only 
a portion consumed 


Cow B : i lb. cress given, only 
a portion consumed 


Cow C : t lb. cress given 


20/9/39 


Cows Nos. 4 and (i given 9 uz. ! 
cross mixed with 5 lb. gra.ss. ' 
Only 2 oz. consumed by I 
each cow 


Interval 

between Remarks on .Milk 

Feeding and and Cream 

Milking. 


1 hr. 


Cress taint detected in 0-4 per 
cent, concentration in fresh 
untainted cold milk. De- 
tected in hot milk in 0-2 per 
cent, concentration. 

Cress taint in whole milk 

diluted 1 ; 100 with clean 
milk. 

Cress taint noted in the raw 
whole milk and in the cream 
diluted 1 : 20 w'ith clean 

cream. 

Cress taint noted m hot milk 
! diluted 1 : 100 with clean 

I milk. Strong cress taint 

i noted in all three samples of 
I morning’s milk. 

! Caress taint distinct in whole 
; milks in concentrations of 

; 1 : 50 in clean milk. 


Table III. — Results op Feeding Trials in w hich Cress w as forcibly administekkd. 
MIXED WITH Pollard .and InssKED-MEAL 


Dftte, 

! 

Details of Fmlhig ! 

! 

1 

25/9/39 

Six COW’S, each giv en 1 lb. cress i 
over period 1.30-2,30 p.m. ; ' 
milked at 3 p.m. 

1 

27/9/39 

As for 25/9/39, but 2-2 lb. | 
cress given to each cow' at ; 
12-1 p.m. and cows milked 
at 4 p.m. 

3/10/39 

As for 25/9/39, but 4 lb. cres.s 
given to each cow' at 
1-2 p.m. and cows milked 
at 3 p.m. 


Interval 

between 

Keetling 

and 

Milking 


Remarks on Milk. 
Cream, and BuUer 


i-1^ hr... 


I 

I 


3-4 hr. .. 


1-2 hr. .. 


I 


Cress taint in both night's and 
morning's creams ; 14 Ih. 

cieam (whole of night's ainl 
morning’s supply from the 
SIX cows) mixed with 970 Ih. 
clean cream and made into 
butter. Distinct crcs.s taint 
in tiash-pasteui*izcd cream 
and butter. 

►Strong cress taint in night'.s 
milk and cream. Slight 
cress taint in morning'.s milk 
and cream. 13 lb. cream 
from these cows mixed with 
900 lb. clean cream and made 
into butter. Strong cress 
taint 111 flash-pasteiiriz(‘d 
cream and butter. 

Very strong cross taint in 
night's cream. Faint cress 
taint in morning's cream. 
4-5 lb. night’s cream plus Iti 
lb. morning’s cream with 950 
lb. clean cream . St roiig eress 
taint 111 mixed fln.sh- 
pasteiinzed cream, and 
strong, very objectionable 
cress taint in the butter. 
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The results in Table II show that with the cows used, and in the early 
spring, only very small quantities of cress in the diet gave a cress taint in the 
cream which could be noticed in dilutions of 1 : 100 with good cream. 

The results in Table III show that cress taint can be produced in cream 
by forced feeding of cress to cows, that it may persist even into the morning’s 
milk and cream fifteen hours after administration of the cress, and that the 
taint was noticeable in the cream and butter when the combined night’s 
and morning’s creams were diluted with good cream in the ratio of 1 : 70. 

The forced feeding method has been adopted as the best way of obtaining 
cress-tainted cream when required for buttermaking trials, and the above 
results have been generally confirmed, but the intensity of the taint obtained 
in the cream has shown wide variations for any fixed quantity of cress 
administered. 


Grazing Trials with Small Group of Cows 
The area used was a small paddock with grass 4-8 in. tall and badly 
infested with cress throughout. The cows were kept in the yard for some time 
prior to being turned on the cress area, in order to ensure that they would 
be sufficiently hungry to graze immediately. It was noted that they grazed 
both grass and cress, but they showed a preference for areas where the cress 
infestation was less dense, and in this respect there were individual-cow 
<Ufferences. Some of the cows were more selective in their choice of feed 
than others. None of the cows grazed on patches of cress not containing 
grass. The results for some of the trials are given in Table iV. 


Table IV. — Results op GI razing Trials with Group op Cows on Small 
Cress-infested Area 


Date. 

1 

j 

Details of Time 
of Feeding. 

Time 
Interval 
between 
Removal 
from ('rei«» 
and 

Milking. 

Renmrkfl on (Jream 
and Rutter. 

4/10/39 

Six cows fasted 10.15 a.ra.- 
12.15 p.m. ; grazed on cress 
area 12.15-1.45 p.m. ; milked 
at 3.15 p.m. 

Hhr. .. 

Creams bulked. Cress taint in 
night’s cream, not in 
morning’s. Night’s and 

morning’s cream (161b.) 
mixed with 900 lb. of clean 
cream, Hash-pasteurized. 
Slight cross taint in butter. 

9/10/39 

Six cows fasted 10.30 a.m.~ 
1.15 p.m. ; grazed on cress 
area 1.15-3.0 p.m. ; milked 
at 3.15 p.m. 

J hr. . . 

1 

Creams bulked. Strong cress 
taint in night’s cream, none 
in morning’s cream. Portion 
of morning’s cream Hash- 
pasteurized and churned to 
butter in small churn. No 
cress taint in butter. Night’s 
cream (101b.) in 9001b. 
clean cream, Hash-pasteur- 
ized, and made into butter. 
Strong cress taint in butter 


Grazing Trials with Individual Cows 

The same cows as previously were used, but they were turned on to the 
area at different times, and the creams were kept separate. The sepajtator 
bowl and the covers were washed between separation of each milk. In 
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some trials the creams obtained were mixed with fresh clean cream in the 
proportion of 1 : 4, and were made into butter after pasteurization to 190® f. 
in a small-model flash-pasteurizer. The results are given in Table V and 
Table VI. 


Table V.— Individuality of Cow and Time of Pbbding on Cbbss in bbl\tion to Cbess 

Taint in Oekam 
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Comments on Results in Table V 
Series 1 

The gradings for cream and butter from cows 4 and G do not agree. 
Otherwise, the indications of the trial are that the more intense taint was 
obtained at the shorter period between ending of feeding and milking 
viz., 15 minutes to 1 hour 15 minutes. The time between commencement 
of feeding and milking would be thirty niimites longer, as the cows were on 
the cress area for one half-hour. 

Series 1 1 

The strongest taint was obtained with cow G, wlnm the interval after 
removal from the cress area was two hours and a half. Feeding of cow 1 
on the cress area for thirty minute.s, followed imiiKHliately by milking, di<l 
not give any cress taint in the cream, and only slight cress in the butter, 
but a second milking two hours and a half latiT gave strong cress in the 
cream. On the other hand, with cow 2 the cream from milk drawn one 
half-hour after removal from the cress area was as strongly tainted as the 
cream from the milk drawn two hours later. 

Series III : Individuality of Cows 

The six cows grazed on the area for the same time and milked at the same 
time gave differences in intensity of cress taint in the cream. In S(‘ries I 
and Seriei II trials the milk of cow 3 showed much less cr(‘ss taint than that 
of the others, but this is not so apparent in Series 111. It is not known how 
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much of this individual cow variation was due to variation in amount of 
cress consumed. But variations in individual cow reaction do occur, since 
they have frequently been noted for cows forcibly fed with the same amounts 
of minced cress. They may be due to variations in the period of retention 
of the cress plant in the rumen, or variations in the nature and volume of 
the contents- of the rumen at the time the cress is consumed. It was noticed 
that after a period on a cress area or after being forcibly fed with cress the 
cows were eager to drink water. Trials were not made to investigate the 
relationship of amount of water taken after feeding of cress to intensity of 
cress taint in the milk. 

Forced FEEuiNCr Trials with Individual Cows 
Four cows were held on a cress-free paddock after the morning milking 
and were returned to the yard at 10.30 a.m. At 1 1 a.m. each oow was given 
freshly minced land-cress, and was then returned to the paddock. The 
cows were milked at 3 p.in. (evening milking), 8 p.m. (night milking), and 
at 5 a.m. (morning milking). The milks from eaqh cow were weighed, and 
the creams from each cow W(*re collected separately at each milking. Portion 
of each cream was examined after heating in a butter-moistur(5 basin, and the 
three creams from the three milkings for each cow were then combined, 
flash-pasteurized at 1 90'^ f. in a small model flasli-pasieurizer, and made into 
butter. The butters were examined for intensity of cress taint at the Dairy 
Eesearch Institute and at the x4uckland and Wellington Grading Stores. 
On the first day, 2 lb. of cress were fed to each cow, and on subsequent days 
1 lb. only. The trial was carried out on four occasions over the period 
Ist to 6th NovemlxT, 1943. The results are given in Table VI. 


Table VI. — Relationship of Intensity ok (^bess Taint in Ckeam ano Bitteh 
FROM Cows FORCIBLY FED THE SAME AMOUNT OF TjAND-CRESS TO TiMB INTERVAL 
BETWEEN FeEDINO AND MiLKINO, TO INDIVIDUALITY OF CoW, AND TO YlELD OP 

Milk (Average of Korn Days’ Trials) 


Cow. 

i 

Averase Intensity of 
(Yess Taint in Heated 

CYeaiii (Scale 0-10). 

Average Yield of Milk 
(pounds). 

Average 
Intensity 
of Cress 
Taint in 
Butter 
(Scale 0-10). 

j Evening. 

Night. 

1 Morning. 

Evening. 

Night. 

Morning. 

A .. 

3-75 

5-5 

1-25 

9-2 

6*.5 

8-5 

4-6 

B .. 

4-5 

5-5 

2-5 

16-5 

91 

16-3 

3-2 

0 .. 

3*2 

4-6 

0-5 

12-7 

70 

11-5 

2-4 

D .. 

3*9 

5-25 

0-26 

10*2 

7-3 

161 

1*9 

Four cows 

3-9 

5*2 

113 


•• 

•• 



The creams and butters were graded for intensity of cress taint on the 
scale 0-10 as before. The figures for creams in the table represent the average 
of two independent gradings for each cream on each day — i.c., eight gradings 
for each cow — and those for butter represent the average for the gradings 
at the Institute, at Auckland, and at Wellington. 

(a) Time of Milking 

It will be seen from Table VI that a very strong cress taint was present 
in the evening’s cream four hours after the cress was given to the cows, 
and thfit it was still stronger at the night’s milking, usually nine hours after 
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ingestion of the cress. Cress taint was present in the morning’s cr(‘ain from 
dll the cows, though not consistently so- it was absent on 1 occasion out of 
4 for cow A, 2 occasions out of 4 for cow C, and 2 occasions out of 4 for cow D. 
The persistence of cress taint over such a long period is unusual, but is of 
interest to the later discussion on controlled grazing as a means for 
suppression of land-cress taint. 

(h) Indiriduahtij of Co)r 

Over the four days’ average there w^as little difference in the intensities 
of cress taint recorded for the creams from the individual cows at the evening 
and night milkings, but a definite difference for the creams at the morning 
milking. The cress taint showed up much more strongly in the morning 
creams for cows A and B than for cows C and D. The figures for intensity 
of cress taint recorded for the butters reflect the effect of tin* admixture of 
the morning’s cream, but are roughly in tin* order of magnitude of the 
intensity for the creams, although not in very close ]>ro])oiiion. 

(c) Yield of Mill 

There was no indication of an inverse relationship lx*! ween intensity of 
taint and yield of milk. 


Influence of Admixtures of Clover and Land-cress 

The })ossible eflect of admixture of clover >\ith lalnl-cress fed to cows on 
the transmission of taint to the cream was investigated by for(‘ed fei'ding 
of 3 lb. of cress to cow E, and of a mixture of 3 lb. cress and 3 lb. clover to 
cows F and (1. The following day the arrange nn‘nt was reversed, cow E 
receiving the land -cress - clover mixture. There was no (*vidence from the 
examinations of either the creams or the butters that the strength of land- 
cress taint was related to the admixture of clover wdtli the cress. 


Summary of Trials on Stall Feeding and Grazing with Examination 
OF Milks of Individual Cows 

The conclujSioiis to be drawui from the ahovi* results may he summarized 
as follo^vs : — 

(a) The cress taint appears in the milk wuthiii half an hour of iug(*st Joii 
of cress. With some cows the taint is not conniletely i*liminat(*d 
in four hours, and when large quantities of cress are fed the crc's.s 
taint may persist throu^ to the next morning’s milk and cream. 

(h) There are differences in intensity of cress taint in milks of individual 
cows fed the same quantity of cress or turned on to a cress area 
for the same period, but the individual cows an* not consistent 
in their reaction to cress feeding. 


Feeding of Land-cress Hay to Cows 

Many plants causing taint in milk retain their tainting properties w hen 
made into hay — e.^., alfalfa(13) and penny-cress(3). Land-cress was 
gathered in December, 1940, and was sun dried and then stored fur four 
months. • Two oows in stalls were given 10 lb. of land-cress hay. Thev 
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quantity remaining was collected and weighed after milking. The cream 
was separated, and was mixed with five parts of clean cream and was 
churned to butter. The results are given in Table VII. 


Table VII. — Quality of Cream and Butter from Cows given 
Land-cress Hay 


Bate. 

Cow No. 

Quantity of 
Land Cress 
Hay 

consumed. 

Interval 

Between 

Ingestion 

and 

Milking. 

Quality of 

Cream. 

Butter. 

10/4/40 

A 

10 lb. 

1 hr. 

No crfss 

No cress. 

B 

4-5 lb. 

I 

Distinct cress 

Slight cress. 

13/4/0 

B 

5 • 5 lb. 

U hr. 

Cress taint . . 

Slight cress. 

C 

4 0 lb. 




No cress. 


It is clear from the results in Table VII that the dried cress-plant will 
cause taint, but is less potent than the equivalent weight of the fresh plant. 

Farm Grazing Trials 
(1) Trials during December j 1939 

The first trials by the present authors were made during December, 1939, 
on farms at Tauranga and Te Puke. The cows were grazed on a cress- 
infested area all day on some days, and were removed at noon on other days 
during the period. The evening creams from the farm were graded by the 
factory-manager and the factory cream-grader on delivery at the factory 
next morning. The results are given in Table VIII. 


Table VIII. — Effect of (\)ntrolled Grazing on Grades of Cream from Cows 
ON Cress-infested Pasture 


Farm. 

Date. 

Ndiuber 
<jf Timea 
Herd on 
CTeas Area 
nil Day. 

Gra<le «if Cream. 

Number 
of Times 
Herd 
removed 
from 

CressArea 
at Noon. 

Grade of Cream. 

A .. 

6-17/12/39 

7 

(Vess reported only 
on 2 days. Aver- 
age grade, 91*4 
(90-93) 

5 

No instance of cress. 
Average grade, 92 
(91-93). 

B .. 

12-23/12/39 

7 

Strong cress flavour 
each time 

5 

Slight cress on one 
occasion. 

€ .. 

11-24/12/39 

4 

Ditto 

4 

10 

Strong cress on one 
occasion. Slight 
cress on one 
occasion. 


Controlled grazing thus reduced the severity of the cress taint in the 
cream, but did not completely prevent the taint appearing. 

(2) Trials, September-October, 1940 

These trials were carried out on three farms, one supplying the Tauranga 
factory and two supplying the Te Puke factory : — 

Farm D , — The infested area was a paddock of young grass 10-12 in. 
high, among which was a prolific growth of cress. There was no water 
available in the crefes paddock. The evening milking began usually about 
5 p.m. Portions of both night’s and morning’s cream from the herd were 
graded, and were then flash-pasteurized and made into butter. The butters 
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were graded by one of us (J. J. O’D.) and were then forwarded to Auckland 
for grading. The results are given in Table IX, and may be summarized 
as follows : — 
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The trial was not a true trial of control grazing owing to the alternation 
between the two systems on the first eight days. The amount of cress taint 
in the cream during the four days 23rd to 27th September when control 
grazing was practised persistently was noticeably less, but it is not established 
th«jt this was not due to some other factor, such as the cows becoming 
accustomed to dealing with the cress, although some farmers have stated 
that j)ersistent grazing on cress does build up a reserve of tainting material 
in the system of the cow, and cress taint occurs in the cream for up to two 
days after the cows are removed from the infested area. 

The owner of farm D reported that the trial had a noticeable effect on 
the health of the cows. They began to scour badly, they had a very strongly 
■odorous breath, and the coat became rough and unhealthy in appearance. 

Trials on Farm E . — The cress infestation was in old pastures about 6 in. 
in height, except for the two days 7th Octol)er, 1940, and 8th October, 1940, 
when the cows were turned on to an area of young grass with a heavy cress 
infestation, though not so prolific as at farm D. 

In order tf) avoid the carry-over of the effect of all -day grazing of cress 
to a day of control grazing, as may have occurred in the trial at farm D, the 
cows were removed from the area at midday each day, right from the 
commencement of the trial. The results are given in Table X. 


Table X. — Results op Grazino Trial at Farm E 


Dntt*. 

Tnm* CiiWH 
reiiu)vpd 
from \rpn. 

1 

! 

1 (trade of Nijrht'a 


(Jrade of liuttor. 

j (Team. 

! 


D.U 1. 

j Au(;kland. 

1 

2/10/40 

3/10/40 

4/10/40 

3/10/40 

6/10/40 

11 a.m. 

12 a.m. 

f» • • 

f » • • 

5 p.m. 

92 ; si. feed ; no 

1 cress 

92 ; feedy ; no 
cre^is 

92 ; no cress 

90 ; si. cress 

92 ; si, fee<ly 

89 ; feedy ; cressy 

88 ; cressy and 
cowy 

87 ; str. cross . . 
87 ; unclean cress 

89 ; no cress 

89 ; str. coi^y. 

88 ; strong and 
cowy. 

87 ; rank. 

86 ; objectionable 
unclean flavour. 
87 ; rank. 

7/10/40 

Youiik Orasa 
Area. 

12 a.m. 

88 ; str, cress . . 

88; 

str, cress 

87 ; rank. 

8/10/40 

5 p.m. 

i 

88 ; cressy 

90; 

unclean feedy 

90 ; str, cress. 


The cress-infested i)asture caused cressy taints in the cream and butter, 
but the cress taint was obscured to a greater extent by cowy and feedy taints. 
Feeding on the paddock of cress-infested young grass on 7th October, 1940, 
And 8th October, 1940, up till midday gave a strong taint in the night’s cream. 

Trial on Farm F , — The cress-infested area was a paddock seeded to grass 
after a maize crop. It was almost completely infested with cress although 
some camomile was also present. The plan of the trial was to turn the cows 
on to the area for an hour in the morning, and if cress was not found in the 
cream to bring forward the time of grazing on the area so as to shorten the 
interval between ingestion and millnng time. 

On 8th October, 1940, the cows were turned on to the area at 9 a.m. and 
w'ere transferred to a clean area at 10 a.m. The night’s cream was graded as 
90, slight cress, and the butter was graded as 89|, cressy and feedy. The 
trial was not continued further. 
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Additional Evidence on relation of Ingestion of Cress to Cress 

Taint in Cream 

In addition to the results of the above systematic trials on the relation 
of cress ingestion to the appearance of land-cress taint in cream, a consider- 
able volume of scattered data is available. 

(a) Cress Flavour in Large Volume of Cream when the Cress Infestation 

is Small 

Stirling(Il) reports that “ in one instance of ])ronounced land-cress taint 
in cream, search at the farm revealed the presence of only a few land-cress 
plants around gateways and fences adjacent to the milking-shed.” Many 
such instances have been brought to our notice, as also of the effect of one 
small su])ply of cress-tainted cream causing cress taint in all the butter from 
a large vat of cream. The following are typical exam])les : — 

Factory A. — Cress taint in the butter from I,1CK) gallons of (T(*arn was 
traced to the cream from a “ billy-can ” supply drawn from one 
cow being grazed on a garden area. When this supply was 
rejected, the reduction in grade of butter due to cress taint cea.s(‘d. 
F(wtory B . — Cress taint was traced to one sup[)ly of 27 lb. cream from 
a small herd grazing on an old maize patch. This (piantity of 
cn‘ani tainted the butter from a 2,(HK)-gallon vat of cream. 
Factory C. — The supjily from two lame (;ows, turned on to a small 
area near the shed, where apparently they found soirn* scattered 
cTcss-plants, caused strong cress taint in the cream from the 
remainder of the herd of 1(K) co^s, and this cream in a 500-gallon 
vat of cream caused strong cre.ss taint m the butter. 

Factory I). — Ten pounds of cr<»8s cream from one su])])lior caused 
cress taint throughout thirty-seven boxes of butter. 

The projiortions of cress-tainted cream mixed with the cream supjdy in 
the above four instances were approximately : A, 1 : 3(KK) ; B, I : 740 ; 
C, I : 250 ; 1), 1 : 407. 

(h) No Cress Flavour in Cream when Cows are grazing on an Area Heavily 

Infested with Cress 

8tirlmg(II) reports also that “ at another farm in the sam(‘ district all 
the pastures were known to be heavily infested with cress, and numerous 
inspections showed that the plant was heavily grazed by the herd, yet 
careful daily examinations of the cream revealed the typical flavour on one 
occasion only.” 

During the season 1943-44 on the Massey Agricultural College Farm the 
herd each week-end from 1 3th September to 2nd November was turned on 
to an area of young grass heavily infested with cress, with the object of 
obtaining a supply of cress-tainted cream for cream-processing trials in the 
factory. The herd was left on the area each day until milking-time, and the 
cows were observed to be eating the cress, but cress taint was not found in 
the herd creams. Forced feeding of cress-plants collected from the area 
resulted in the production of cream strongly tainted with cress. 

Instances of ingestion by cows of land-cress plants without the appearance 
of cress taint in the cream are more frequent in the late spring and early 
summer than in the early spring months. This is not due to a difference in 
-content of mustard-oil glucoside, since it has been found(l) that there is 
little change in glucoside content during the season from September to 
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Febraary, and the cress collected from the Massey Agricultural College 
grazing area' referred to above had a normal content of the mustard-oil 
glucoside. In normal years cress taint is not frequently troublesome after 
the middle of December, but in years of persistent rainfall, such as the season 
1945-46 in the Manawatu district, the trouble may persist into February. 
A dry autumn, followed by warm rains bringing on a flush of young grass, 
may be accompanied by a return of trouble due to cress taint in the butter. 


(c) Season of Year and Appearance of Cress Taint 

As stated earlier, occurrences of cress taint in cream and butter are more 
frequent in spring than in summer and autumn. This is to be expected, 
because the growth of the plant is more prolific during the spring. Many 
instances can be quoted, however, where cress taint ceased to occur before 
the cress infestation had disappeared from the pasture. In some feeding 
experiments at the Institute during a dry February it was found that 6 lb. 
of cress could be given to a cow one to two hours before milking without 
causing any marked cress taint in the cream, and it was established that the 
plants contained a normal amount of mustard-oil glucoside. It is not 
established whether the relatively small effect of the j>lants in the autumn 
is due to any change in the plant itself, or whether it is due to an increase in 
the ability of the cow to throw off the tainting substance. 


(d) Results of Controlled Grazing for Suppression of Cress Taint in Farming 

Practice 

Following the work described above on controlled grazing, a number of 
factory-managers, with the support of their directorates, adopted the 
principle of rejecting cress-tainted cream (all suspected cream samples were 
graded hot), and circularized the suppliers advising them to remove cows 
from the cress-infested j)astures at least three hours before milking. The 
results have been fairly satisfactory. Controlled grazing was practised 
regularly during the season 1940-41 at farms B and C referred to above, and 
no instances of cress taint in the cream from these farms were reported. On 
one day at farm B in the following year the cows were inadvertently left on a 
cress area all day. The owner noticed the cress taint in the milk and cream 
soon after milking was commenced. The milking was then interrupted for 
tvTo hours, and the two lots of cream were kept separate. The cream from 
the cows milked before the interruption was rejected at the factory, but that 
from the cows milked after the interruption was accepted as free from taint. 

Reports from factories where suppliers have been practising controlled 
grazing indicate that the system gives a very marked improvement in the 
cream-supply, but it is not completely effective, especially where the cress 
infestation is dense. This is supported by the results given above of the 
feeding trials with individual cows, in which cress taint persisted into the 
morning milking fifteen to sixteen hours after ingestion of the cress. 
These results, together with those for the trials on farms A and D, in which 
the evening’s and sometimes the morning’s cream were tainted, and those for 
the trials on farm E, in which the evening’s bream was tainted although the 
cows were grazed on the cress area only from 9 a.m. to 10 a.m., demonstrate 
clearly that the system of controlled grazing for cress taint, like that for 
clover taint (Davie8(5), Marryat(6) ) is a palliative, but not a sure corrective. 
It shoidd be adopted only if it is not practicable to adopt more positive* 
alternative methods, such as grazing the infested area with dry stock. 
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Cress Infestation in relation to Farming Practice 

(а) Factors favouring the Appearance of Cress in a Pasture (Allo(12) ) 

Cress infestation of a pasture may take place from one or more of the 
following causes : — 

(1) Heavy stocking or trampling of a pasture during winter, with 

consequent over-grazing and pugging, leading to a deterioration 
and opening up of the sward. 

(2) The practice of leaving old stack bottoms and silage pits unfenced 

•from stock. Cress grows freely in such places, and may cause 
trouble, even though the areas are small. All such areas should 
be shut off from stock until the end of December. 

(3) The occurrence of bare ground due to heavy tramping around gate- 

ways, cowyards, and stockyards, and, due to shade, under hedges 
and around the base of thistles, gives conditions where cress is 
likely to appear and thrive. It is not always possible to fence off 
these areas, but they should be watched and any cress-plants 
destroyed by hand cultivation. 

(4) Failure to chain harrow sufficiently fn^quently, which may allow the 

growth of cress around old cowpads. 

(5) Grass-grub attack, which weakens the pasture growth and leaves 

bare patches on the sward. 

(б) Leaving paddocks uncultivated after a crop such as maize or turnips. 

These paddocks should not be graz(*d by milkmg-cows. 

(7) Spring sowing of pastures, especially after a maize crop. The danger 
is accentuated if cheap seed is sown or if the mixture of seed contains 
a high proportion of slow-establishing pasture species. 


(h) Prevent lOH of (^ress Infestation 

From the list of factors favouring cress infestation, as cited above, a 
number of necessary corrective measures can be deduced. Thes(* may not 
always be applicable, as, for example, the prevention of pugging around 
stacks and cowyards during a wet season. When this apfilies, the w’eed 
should be prevented from growing by cultivation or use of weed-kilh*rs, or 
the cows should be kept away from the area. Besides these factors, which 
may affect only small areas, the most important preventive measure is to 
avoid spring sowing of pastures whenever ])ossibk% and avoid the use of poor 
mixtures of pasture seed. The pastures should he sown in the early autumn 
on a well-prepared seed-bed, with adequate phosphate manuring to bring the 
young grass quickly into growth. A young pasture that is well developed 
before the winter check to growth occurs will hav(» few bare areas where 
cress seeds can germinate and grow in the spring. If spring sowing cannot be 
avoided, the mixture should be mainly rye-grass and white clov(‘r, to pn)vide 
a quick cover and to prevent germination of cress seeds. 


(c) Grazing of Cress-infested Pastures 

These should be grazed with dry stock, if this is possible without reducing 
the food-supply too much for the milking- herd. If it is necessary to graze 
an infested pasture, the time of grazing in relation to time of milking should 
be carefully controlled, and the time interval should be at least three hours, 
but preferably four to five hours. There is a general belief among farmers in 
districts where cress trouble is prevalent that feeding of hay during the 
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period after removal from the cress area is an advantage, and on first 
principles this seems likely to be correct, but it has not been checked by 
experimental trials. If the growth of grass is ample, there is considerable 
difficulty in inducing the cows to eat hay. Good green hay is more likely 
to be eaten than a poor-quality fibrous hay. 

(d) DistribiUion of Cress Plants 

Random cress-plants may be destroyed by hand cultivation (since land- 
cress hay also can cause taint, the cut plants should be removed out of reach 
of the milking-herd) or by spraying with a suitable weed-killer. 
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METHODS OF MEASURING THE PRODUCTION 
FROM GRASSLANDS 

A REVIEW OF THE TECHNIQUES EMPLOYED BY THE FIELDS 
DIVISION, DEPARTMENT OF AGRICULTURE 

By P. B. Lynch, Field Crop Experimentalist, Fields Division, Department 

of Agriculture 

[Received for publication^ 24th September, 1046] 


Summary 

The paper summarizes techniques which have been employed by the Fields 
Division of the Department of Agriculture for measuring grassland production. 
The development of these methods is indicated from early haying and grazing 
trials to techniques such as that involving the use of “ pure clover swards 
which are being developed and investigated at the present time. Hudson's 
“ mowing and grazing technique ” is examined in some detail, particularly with 
reference to the effect of “ transference of fertility,” which has been stated t<» 
affect the accuracy of data secured under this technique. Results are presented 
which indicate the extent of “ transference ” that is likely to occur under 
normal trial conditions. Some suggestions for improvements in existing 
techniques and possible methods worthy of investigation are also included. 

The paper shows the necessity of developing special techniques for special 
purposes and suggests possible stages in the experimental approach to grassland 
problems. For small-plot trials “ mowing and grazing ” trials, “ mowing only 
and clippings returned ” technique, “ Sear’s ” technique, and the “ pure clover 
sward ” technique may be used ; for large-scale trials the “ enclosure ” technique, 
which involves the use of “ frames ’* of “ enclosures ” in paddocks under grazing, 
whereby areas are protected for herbage production figures, has proved most 
satisfactory. The use of demonstrational and observational trials on farmers’ 
properties is considered the final stage in an investigation of the type discussed. 


The measurement of grassland production is one of the most difficult 
problems the experimentalist has to overcome, particularly where it is 
necessary to measure relatively small differences between fertilizer treat- 
ments or improved pasture species. The problem is further complicated 
by the fact that it is desirable, where practicable, to measure such 
differences in terms of stock-carrying capacity and production. The 
intimate relationship between the sward and the grazing animal cannot 
be overlooked, for the animal is a major factor in determining the pro- 
duction from pastures. More particularly, however, the kind of stock used 
and the severity of gracing profoundly influence the pasture species that 
make up the sward. Each pasture element reacts differently to grazing 
and management, and on an experimental scale, at least, it is possible to 
vary the sward composition at will by adjusting the management to which 
the pasture is subjected. The effect of this factor in experimental work can 
be readily appreciated. 
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Histoby of thb Metbops employed 


(1) Haying Experiments 

Before the introduction of the ** mowing and grazing technique ”(1) 
this was the most commonly used method. It was discontihued owing to 
the defects in technique, which may be summarized as £otk>ws : — 

(a) The measurement is of production over a portion of the year only 
and takes no account of critical periods of low pasture production. 
(h) The trial cannot be satisfactorily continued for more than one year 
owing to the deterioration of the sward resulting from successive 
hay crops. 

(c) The measure is a composite one over a long period of growth and 
can give no indications of variations in production within this 
period. 

(2) Gmzifig Trials 


These trials were first carried out under a simple design and technique 
requiring the determining of the number of stock-grazing days which 
paddo(;ks of several acres were able to support. Such trials are mainly 
demonstration al rather than experimental, for the size of the individual 
plot makes adequate replication of treatments impossibh^ In most cases 
it is not possible to eliminate an appreciable part of the errors associated 
with stock-grazing trials, such as the relative efficiency of utilization of the 
herbage. Although some improvement was effected by considering stock 
weights, the efficiency of these trials is much lower and the cost much 
higher than that of trials which have as their object the measurement of 
total grassland production. With such experiments one treats as a 
separate problem the relation of production data to stock-carrying capacity 
and stock-production figures. 


Herbage Weights in relation to Animal Production Records 

There is no question, however, of the desirability of measuring grassland 
production in terms of animal production, and the most recent efforts to 
improve technique have been directed along thes(^ lines over8eas(2, 3). 

In New Zealand the Fields Division has conducted investigations into 
technique with this end in view for many years, and these investigations 
will be summarized later in this article. Mr. P. D. Sears(4), of the Grasslands 
Division, Department of Scientific and Industrial Research, has made a 
valuable and original contribution to the study of the interaction between 
•‘the sward and the grazing animal, and his technique will be discussed in 
some detail. However, once the grazing animal is used as the yardstick 
of measuring differences due to treatment, small-scale i)lot work is out of 
the question. Furthermore, the large-scale, expensive, and laborious stock- 
grazing trial cannot be adequately replicated from a statistical point of view 
if many treatments are involved. One is thus forced to the following method 
. of approach : — 

(a) Preliminary work with many treatments using small-scale plot trials. 

(i>) Large-scale animal plus grassland production trials for important 
investigations arising out of (o) above. 

(c) Demonstrational siniple stock-grAzing trials and observational trials 
conducted over a ,wide range of soils and climates to extend the 
results from {a) and (6) to the farming community as a whole, 
including the use of rimple methods of measuring grassland 
production to amplify and check these trials wherever possible. 
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The Fields Division is in the fortunate and possibly unique position of 
being able to carry investigations through all these stages. The phases 
(a) and (6) above are carried out on experimental areas, and it is hoped 
that the^ new Soil Fertility Kesearch Station at Hamilton will make a 
valuable contribution in this respect. The extension and amplification of 
results from the experiment, station to the farmer under (c) above is 
carried out by means of co-operative trials on farms, and has proved, in 
many instances, an essential part of the research programme as well as 
an efficient and rapid means of making known new findings to the farming 
coonmunity. 

The foregoing will have served to illustrate the need for finding the 
most suitable technique to apply to each of the above types of trials. 


A. Small-scale Plot Trials involving many Treatments and requirincj 
Measurement of Grassland Production 

These may be considered as follows : — 

(1) “ Mowing only ’’ trials. 

(2) “ Mowing and grazing” trials (Hudson et al (\) ). 

(3) “ Mowing only and returning clippings ” technique. 

(4) Technique of P. D. Sears(4) involving collection of sheep f»ces and 

urine. 

(5) “ Pure white clover sward ” technique. 

(6) Additional methods worthy of trial. 


(1) Mo^ving onhj ” and discarding Clippings 

In all the methods to be described (except (6) ), a motor lawn-mower 
has been used as providing the most efficient means of obtaining pasture- 
production data. Hudson(l) soon found that the effect of continuous use 
of the lawn-mower alone was rapidly to produce a sward which differed 
in botanical composition from a comparable pasture under sheep-grazing. 
Low-growing elements such as *’ flat ” weeds and (^lovers were encouraged 
at the expense of taller-growing grass species, and the sward and its 
production rapidly deteriorated. This deterioration is hasteiu'd ])y the 
removal of nutrients in the form of grass clippings. For these reasons, 
endeavours have been made in methods (2) and (1) below to (a) introduce 
the selective element implied in sheep grazing, and (6) return the nutrients 
removed in the grass clippings. 


(2) ‘‘ Alternate Mowing and Ghrazing Technique ” (Hudson (5) ) 

The first great advance in the improvement of technique was A. W. 
Hudson’s ‘‘ alternate mowing and grazing ” method of measuring pasture 
production. Briefly, this comprises two duplicate sections (A and B) in 
each of which the treatments are arranged in a seri(»s of “ randomized 


18 * 
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blocks (or ‘‘ latin squares ”). Two t 3 rpes of mowing are made : (a) 
** M and W,” when herbage^is mown and weighed ; and (6) and C,” 
when herbage is mown to clear up growth to an even mower height ” 
before leaving to grow for a “ M and W cut. The sequence is as follows : — 


Bay. 

Section A. 

i 

Section B. 

1 

Closed 

Closed. 

6 


Grazed. 

11 


Grazed. 

12 

M and W (1) ; herbage transferred to 
Section B 

Grazed. 

24 

M and W (2) ; herbage left on plots 
from which cut ; section grazed 

M and C; clippings transferred to 
Section A. 

25 

Grazed . . 


30 

Grazed . . 


36 

Grazed . , 

M and W (1) ; herbage transferred to 
Section A. 

37 

Grazed . . 


48 

M and C ; clippings transferred to 
Section B 

M and W (2) ; herbage leH on plots ; 
section grazed. 


By this means continuous production records are secured, while each 
section alternates between sheep-grazing and mowing and, over a period, 
receives back through the sheep the nutrients it has proceed. Further- 
more, the selective effect of the grazing animal is introduced to maintain 
a typical sward under grazing conditions. 

A high degree of accuracy of measurement is possible with such a trial 
and very satisfactorily low standard errors are associated with the results, 
as Table I illustrates. 


Table I. — Standard Errors of Mowing and Grazing Trials 



Standard Error per Plot as a 

Percentage of Moan Plot 

Yield. 

Trial. 

Marton I, 1941-42 

1-3 

„ 1942^3 . . 

14 

„ 1943-44 . . 

10 

Marton N, 1940-41 . . 

1-6 

Marton G, 1932-40 (eight years) 

14 

Marton H, '1932-37 (five years) 

10 

Ruakura A, 1936-39 (three years) 

1-5 

Ruakora B, 1936-39 (three years) 

1-2 

Ruakura C, 1936-39 (three years) 

14 

Ruakura F (a) 1940-41 

1-8 


Unfortunately, however, the “ mowing and grazing technique ” suffers 
from two serious defects : — 

(1) The sward which is formed is well-nigh perfect from the investigator’s 
point of view, but practically unobtainable by the farmer. The 
form of management allows of no growth’ beyond a leafy 4 in. 
to 6 in., and this, while ideal for the highly productive sward, is 
impossible of realization by* the average farmer. The technique 
does, however, me^uie the maximum which a sward may be 
expected to produce under the seasonal conditions prevailing. 
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(2) As stock graze all treatments within the one enclosure and their 
droppings are distributed more or less uniformly -over all, it is 
to be expected that nutrients will be transferred by this means 
from the highly productive plots to those of lower yield. 

This transference of fertility was fully recognized by Hudson{l). Sears(4) 
makes its elimination the main aim of his elaborate technique. Further, a 
special trial to endeavour to measure this “ transference ’’ was carried out 
by the Fields Division at the Ruakura Animal Research Station, Hamilton. 
Before considering this experiment it is of interest to examine the responses 
from trial G at Marton over a period of eight years and the relative pro- 
duction from the control plots (no treatment) (Table II). Results from this 
trial have been published in this Journal(^). 


Table II. — Transference of Fertility ” on Mowing Trial G, Marton 




Dry Matter, in Pounds per Acre. 

Period. 

Number of 
Days. 

Yield of Control 
adjusted to three 
hundred and sixty- 
flve Days. 

DilTertince between 
Control and Treatr 
ment 5 .* 

to 2/10/33 . . 

362 

8,720'0 

13*3 (100-2)t 

2/10/33 to 3/10/34 .. 

366 

8,469-7 

598-8 (107-1) 

3/10/34 to 26/9/35 . . 

j 348 

7,748-8 

217-7 (102-8) 

26/9/35 to 29/9/36 . , 

369 

12,487-6 

339-4 (102-7) 

29/9/36 to 5/10/37 . . 

371 j 

12,055-6 

646-2 (105-4) 

6/10/37 to 3/10/38 . . 

363 { 

8,268-8 

464-0 (105-6) 

3/10/38 to 2/10/39 . . 

3(54 

6,946-8 1 

! 1.029-1 (114-8) 

2/10/39 to 27/8/40 . . 

330 1 

8,803-4 

1 900-0 (110-2) 


* TreatmeBt 5 « carbonaU* of lime 5 cwt. each year. t Figures in parentheses are yields 

relative to control as 100. 


There is not the consistent increase in the yield of the control plots that 
one would expect from “ transference of fertility ” (in this case of 
calcium, as all the treatments except control \rere lime treatments). It 
is admitted, however, that the figures do show such marked seasonal 
variations that any “ transference ’’ would not be readily apparent. There 
is no evidence of any loss of measurable response in the relative yields of 
treatment 5 in the last two years of the trial. 

Three '' mowing and grazing ” trials (A, B, and C) at the Ruakura 
Animal Research Station, Hamilton, were laid down in the autumn of 1938 
on each of three differing soil types. The treatments for each trial were : — 


( 0 ) ( 1 ) 
(L) (2) 

(P) (») 

(PL) W 

(PK): (6) 
(LPK) (6) 


Control. 

Carbonate of lime 1 ton initially plus 5 cwt. annually. 
Superphosphate 3 cwt. annually. 

Superphosphate 3 cwt. annually plus carbonate of lime 
as in (2). 

Superphosphate 3 cwt. plus 30 per cent, potash salts 
2 cwt. annually. 

Superphosphate 3 cwt, plus 30 per cent, potash salts 
2 cwt. annually plus carbonate of lime as in (2). 
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Until the winter of 1939 these trials were under alternate mowing 
and grazing’’ technique, and from that period till March, 1942, under 
” mowing only and clippings returned ” technique (see Section (3) below), 
where no '' transference of fertility ” is possible and the trials are not grazed. 
Table III summarizes the results from these trials. 


Ta.BLE III. — ^RESIUiTS FROM TbIALS A, B, AND C, BUAKUBA 


TreatmentB. 

EeiatiTe Yields of Dry Blatter. ' 

** Alternate Mowing and 
Graeing*’ (193^0). 

** Mowing only *’ 
(1940-42). 

Trial A — 



(1) (control) 

100 

100 

(2) L 

102-7 

99-4 

(8) P 

114-6 

119-4 

(4) LP 

118-0 

122-8 

(6)PK 

117-3 

125-4 

(6) LPK 

122-7 

129-8 

Trial B — 



(1) (control) 

100 

loo 

(2) L 

106-1 

108-4 

(3) P 

105-4 

109-0 

(4) LP 

IIM 

114-5 

(6)PK 

106-7 

110-9 

(6) LPK 

112-0 

116-3 

Trial C— 



(1) (control) 

100 

100 

(2) L 

106-3 

103-8 

(3) P 

118-1 

i 126-6 

(4) LP 

126-1 

132-3 

(6)PK 

118-8 

128-1 

(6) LPK 

126-3 

132-1 


Table III indicates a greater measured response from all treatments 
except ‘‘ lime alone ” (treatment 2) under the technique where transference 
of fertility is eliminated. This suggests that “ transferred ** phosphorous 
and potash are more effective than calcium in obscuring differences between 
treatments in trials undej: “ mowing and grazing ” technique. If nitrogen, 
as widely believed, is the most effective nutrient transferred by stock, it 
is difficult to account for the lack of increase of responses to treatment 2 
as shown in Table III on trials A and C and the lack of evidence for 
“ transference ” in Table II. The suggestion that “ returned ” clippings 
are picked up in the next mowing and weighing and erroneously increase 
the response is not supported by the reaction of the “ lime alone ’* plots 
(treatment 2 in Table III) under such a technique on trials A and C. 

An attempt to measure the amount of transference of fertility was made 
at Bimkura. Mowing trial F was under action from October, 1938, to 
February^ 1943. The layout of this trial was in two sections, as illustrated 
in Fig. 1« The central portion of the trial was under the usual ** mowing 
and grazing ” technique with six treatments each replicated six times in 
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each of two enclosures. The treatments were identical with those of mowing 
trials A, B, and C at Ruakura (see before). Two of these treatments 
(control (A) and pperphosphate plus carbonate of lime (B) ) are included 
in the outer section of the trial. Here each treatment is in a separate 
enclosure, so that the question of transferred fertility does not arise. 
These treatments are replicated in pairs four times, each pair being treated 
as a separate mowing and grazing trial, but with only one treatment involved. 


« 
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Fig. 1, 


While one member of the pair — A1 — was under mowing, the other 
member (A2) was under grazing, and mowings and grazings alteniated as 
in the central trial, though not necessarily at the same dates. The soil 
type was that of trial A above, a Horotiu sandy loam. (It will be noted 
that the layout is on a “ balanced ” rather than a random design, as were 
all earlier trials. To this extent the statistical analysis of the trial may be 
considered invalid, but with the large number of replications of treatments 
it is most unlikely that the results are unduly biased.) 
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Table IV summarizes the results from trial F, aud, for 'Comparison, 
comparable figures are given for trial A. Total production figures are not 
given, because during the war staff difficulties resulted in two gaps in the 
records, each of about one month. 

Table IV. — Results from Trial F, Rvakura, 1938-43 


BelaUve Yields of Dry Matter. 



Trial F. 

Trial A. 

Treatment. 

Usual ** Mowing 

” Mowing and 
Grazing ” in , 

1 Usual ” Mowing 

1 and Grazing ” 
(1986>3»). 

Mowing only 


and Grazing.” 

It 

(1940-42). 


(1) Control 

100 

100 

100 

100 

(2) L 

106*0 


102*7 

99*4 

(8)P 

117*6 


114*6 

119*4 

(4) LP . . 

123*0 

136*9 

118*6 

122*8 

(5)PK .. 

122*7 


117*3 

126 4 

(6) LPK 

127*0 


122*7 

129*8 


Considering Table IV, it would seem that there has been a loss of 
measured response on the LP plots due to transference of fertility of 7*9 per 
cent, in trial F (1938-43) and 4*2 per cent, in trial A. The layout of trial F 
does not permit the statistical examination of this difference, but on 
trials A, B, and C the interaction of manures X techniques (based on green 
weights) 18 of a much smaller order than the “ interaction ** manures X 
seasons. This implies that the difference in technique does not affect the 
response to treatments. 

In an unpublished pajier (1937), B. W. Doak,. Chemist, Grasslands 
Division, Palmerston North, has examined “ transference of fertility ** 
from the chemical viewpoint. He states that — 

. . . It will probably be admitted that on such a phosphate-responsive soil 
as exists at Marton that any transference of phosphoric acid from the phosphated to 
the non-phosphated plots may cause an increase in growth. However, on looking into 
the facts of the case we find the available PtOg of the soil from trial I as follows : — 

Available PjOg of Soil of Trial 1, Marton 
(Depth of Sampling 0-2 in.) 

Per Cent. 

Average of whole area at commencement of experiment, 1982 0*018 


Headland (unphosphated), 1937 ., .. ' 0*012 

Superphosphate (treatment 1), 1937 .. .. .. 0*035 

Basic slag (treatment 2), 1937 .. .. .. 0*033 

North African phosphate (treatment 3), 1937 . . . . 0*036 

Superphosphate plus lime (treatment 1l), 1937 . . . . 0*041 

Basic slag plus lime (treatment 2l), 1937 . . . . 0*038 

North African phosphate plus lime (treatment 3l), 1937 . . 0*045 


(Phosphate applications were annual dressings of 2241b. superphosphate, 306 lb* 
^ basic slag, and 175 lb. North African phosphate per acre (equal amounts of , total PtO«)^ 
Tto Mme applications were 1 ton per sere carbonate* of lime initial dressing and 3 owt* 
’ acre per annum subsequent dressings. ) 
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A consideration of these figures shows that, in spite of the build-up of 100 per cent, 
in available PfOs percentage of the top 2 in. of the soil as the result of phosphate 
treatment in five years, there has been a drop of 33 per cent, in the available P2O5 of 
the headland (unphosphated) during the same time. The result is that after five years 
the available PgOs of the headland is less than one-third of that of the phosphated 
area. Surely this does not indicate any transference of phosphate as the result of 
grazing sheep. 

If the figures for lime are considered, a similar state of affairs is found to exist. 
Considering the exchangeable CaO, we find that in 1932 the percentage exchangeable 
lime was 0192 per cent. In 1937 the untreated headland had been reduced in exchange- 
able lime to 0*177 per cent., in spite of the fact that the various treated plots in the same 
enclosure have risen to 0*261, 0*324, 0-246, 0*376, 0*431, and 0-371 per cent., for the 
treatments 1, 2, 3, 1l, 2l, and 3l respectively. 

Having considered the status of the soil with respect to two of the major mineral 
constituents, we will now consider the nitrogen status. This shows a very different 
state of affairs. In 1932 the percentage of total nitrogen of the soil was 0*29 per cent., 
whereas by 1937 this figure had risen to 0-39 per cent., an increase of nearly 35 per cent. 
On first sight this might appear a strong argument for the “ transference of fertility ” 
case, but I am unable to agree with this contention, as we have found that the total 
nitrogen percentage of the soil from just over the fence has risen to 0-37 per cent. This 
field has not been so heavily fertilized, nor has any portion of it been differentially treated, 
so that the build-up in total nitrogen in this instance cannot bo ascribed to transference 
of fertility. It must be attributed to a combination of the natural build-up in total 
nitrogen by soil organisms, the decay of the lower leaves of the grasses, and of the effect 
of the increased stock nitrogen returned to the soil as a result of some fertilizer 
tr(».atment associated with the type of management practised. 

In the differentially treated enclosure there is some variation in the total nitrogen 
content of the various treatments, though there is no reasonable correlation with the 
total herbage production, and it would appear that the various phosphate treatments 
alone and in association with lime are affecting the availability of the total nitrogen. 
On the limed areas the availability of the nitrogen would appear to be greater than on 
the unlimed. 

Summing up . . . the inaccuracies which may be associated with the 

mowing and grazing technique must be due to the fact that an endeavour is being made 
to measure a fertilizer response w’hile the total nitrogen content of the soil is continuously 
increasing . . . 

It should be realized that the Marton trials under consideration were put down 
on young pasture. As a result of cultivation the organic matter would have been 
distributed in the cultivated layer and there would be no accumulation in the top 
layer , ► . 

The foregoing material has shown that the effect of transference of 
fertility is to diminish the measurable response from treatments to a real 
extent, though not to the extent thought possible by other investigators. 
Further, the responses measured by the mowing and grazing trial are real, 
though conservative, differences. Nevertheless, it is desirable to find a 
means of eliminating this source of error, and the following techniques 
are designed with this in view. 


(3) “ Mowing only and returning Clippings ” Technique 

This method has been used on trials A, B, and C at Ruakura (see above) 
and also on trial P at the Marton Experimental Area. Essentially the 
technique consists in returning the herbage that has been produced to the 
plots after mowing and weighing. The trial area is not grazed and thus no 



m 


The N*2. Journal of Scibnor and Technology [April 


transference of fertility is possible. The clippings are scattered over the 
plots from which they were mown. The two main defects of this method 
of measuring pasture production are : — 

(a) The selective element of sheep grazmg is not introduced, and after 
a time (though not as quickly as when the clippings are discarded) the 
close-growing elements of the sward, such as the clovers and “ flat ** weeds, 
are encouraged at the expense of the taller growing grasses. Production 
as measured by mowing slowly falls off because of the low-growing habit 
and lowered relative production of the resulting -sward. Table V should 
be examined in relation to this. 


Table V.— Peoduction under “ Mowing and Cuppings returned ” compared with Production 
UNDER “ Mowing and Grazing " : Marton Experimental Area 

Dry matter in pounds per acre (totals adjusted to three hundred and sixty-five days) 


Year. 

Trial P (Mowing only). 

Trial I (Mowing 
and Grazing). 

Difference. 

1 * 

Control (no 
Treatment) 
(«),. 

Superphos- 
phate 3 cwt. 
per Acre per 
Annum (o). 

Superphosphate 

3 cwt. till 3rd 
April, 194(1 : none 
Bubsequently (c). 

(r)-(a) 

(e)-(t). 

September, 1939, to September, 1940 

i 

8,040-4 

9,3e»-2 

9,546-6 

+ 1,606-1 

+ 147*3 

September, 1940, to September, 1941 

8,680-8 

10,063 0 

8,349-0 

- 131-8 

-1,714*0 

S^tember, 1941, to September, 1942 

11,088-1 

11,841-9 

11,253-8 

+ 186-7 

- 688*1 

September, 1942, to September, 1943 

6,952-8 

0,927-0 

0,082-6 

+ 129-8 

- 844*4 

Septemb^, 1943, to September, 1944 

7,516-6 

8,828-5 

8,149-8 

+ 633-2 

- 678*7 


At Marton, considering the difference (c) — (a) after the first year, when 
the residual affect of the superphosphate dressing is comparatively small, 
there is a slow decline in production of the “ mowing only ” control plots 
compared with those of the “mowing and grazing.” Superphosphate 
(c) — (b) has more than maintained production on trial P. Nevertheless, 
this production was largely secured from inferior species, notably Poa 
trivialifi, and the sward was showmg rapid signs of deterioration when the 
experiment was closed. 

At Ruakura, on the other hand, the composition of the sward was 
relatively unchanged in the two years of trial under “mowing only.” 
Production data, unfortunately, do not allow of comparison between this 
and the “mowing and grazing” technique, due to incomplete records 
owing to staff difdculties during the war. 

However, a technique trial was carried out at Ruakura during the 
years 1937-39 in which the following treatments were tried 

(a) “ Mowing and clippings returned.” 

(b) “ Mowing and clippings removed.” 

(c) Mown twice as often as (a) and (6), and clippings returned. 
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Table VI summarizes the results from this trial. 


Table VI. — Yields op Gbeen Material, in Pounds per Acre, from Pasture as 
MEASURED BY ThREB TECHNIQUES 


Period. 

Technique 
(a). ! 

Technique 

ib ). 

i 

Technique 

(c). 

Yields relative to (a) 
as 100. 

Technique 

( b ). 

Technique 

(c). 

17/9/37 to 29/8/38 . . 

54,886-3 

41, .500-3 

49,320-6 

75-6 

89-9 

29/8/38 to 1/9/39 . . 

53,406-1 

33,671-3 

50,923-7 

63-0 

95-4 

Total period 

108,292-4 

75,171-6 

100,244-3 

69-4 

92-6 

1 


On only two occasions was there any sign on series (a) of clippings from 
the previous cut when the area was about to be mown and weighed. The 
sward on series (c) contained a higher proportion of clovers than on series 
(a), but the latter sward showed better recovery after cutting. The sward 
on series (6) deteriorated rapidly and showed poor recovery after cutting. 
Compared with an adjacent sward under grazing, it was observed that if 
the clippings were returned after mowing there was less difference between 
mowing only and grazing only than between one type of grazing and 
another. 

(6) The other defect of this technique is that, at certain seasons of the 
year, some of the clippings from the previous weighing may be picked up 
and reweighed with the fresh growth. This would falsely increase the 
figures both for total production and for the response to treatments. 
Table V and Table III show that this effect is not marked when yearly 
production and total response data are examined. The relative yields 
from the “ lime alone plots in trials A and C, shown on Table III, 
indicate that this factor cannot be of great importance. 

Nevertheless, at certain times cutting is followed by three or four days 
of dry, warm weather, and under these conditions some of the dried 
clippings may be seen at the next mowing. Their total amount is small, 
but some endeavour must be made to remove and discard them before 
mowing and weighing. In other circumstances, and in the majority of 
weighings, no trace of the clippings remain at the following cut. Cuttings 
must, however, be made at more frequent intervals and shorter stages of 
growth than is possible with trials under “ mowing and grazing.” 

At present it would seem that, providing a close watch ^ is kept on the 
sward for possible deterioration, this technique, because of its ease of 
operation, will be a useful means of making preliminary comparisons 
between treatments. It is probable that its use will have to be restricted 
to districts of higher rainfall where in the majority of cases the clippings 
will have decomposed sufficiently and have been removed to below the 
level of cutting before the next mowing. Care will also have to be taken 
to see that the plots are well sheltered, to prevent, as far as possible, the 
removal of clippings by wind. 
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(4) ** Sears *’ Technique : Return of Stock Droppings in Proportion Ao 
Treatment Production 

This technique has been fully described by 8ear8(4). Briefly, it involves 
the following : — 

(а) The plots are mown, herbage weighed, and replaced on the plots 

from which it was cut. Samples of green herbage are taken for 
dry-matter determinations and botanical analysis. 

(б) Sheep are grazed on the area containing the plots in sufficient 

numbers to clean the growth down to mower height in two to 
three days. Thus the amount of herbage yield is short of what is 
actually grown by the total of growth over the grazing days. 
These sheep are fitted with collecting bags and bottles(7). The 
total collection is mixed in a barrel, sieved, and measured. This 
total mixture is then watered back on to the plots with a special 
watering-can in proportion to the amount of dry matter yielded 
by each plot (and headland). The dry-matter determinations 
are carried out whilst the excrement is collected in grazing. 

This technique overcomes “ transference of fertility while at the same 
time retaining the element of selective grazing by stock. On the results 
obtained using the technique, doubt is thrown on those from “ mowing and 
grazing ” trials. However, the present writer claims that the comparative 
figures quoted cover too short a period and are based on data which 
cannot be treated statistically to warrant such a conclusion. Although 
the Fields Division has not, as yet, carried out trials under the “ Sears ’’ 
technique, experience over the last twenty years of pasture-production 
trials makes one hesitate to quote figures based on anything less than three 
years’ data. 

As a method of measuring pasture production from small plots under 
sheep-grazing the ‘‘ Sears ” technique can hardly l>e criticized from the 
point of view of accurate records, providing the treatments are adequately 
replicated and the common enclosures are “ paired,” as in “ mowing and 
grazing ” trials, so that continuous production records may be obtained. 
There is only the possibility of an “ irrigation ” effect from applying the 
watered-down droppings in dry weather which may affect the comparative 
and total production figures. 

Unfortunately the technique is laborious, time-consuming, and expensive 
and cannot be carried out on other than experimental areas where large 
staffs are available. Where it can be carried out, the technique is a very 
valuable one. 


(6) “ Pure White-clover Sward ^' Technique 

The importance of legumes as indicator plants ” to show fertilizer 
responses has long been recognized. Statements have been made that it is 
this element of the sward that responds to dressings of phosphates, calcium, 
and potash rather than the grasses, which benefit indirectly as a result of 
the improved vigour and therefore greater nitrogen-fixing power of the 
clover species. Thus grasses are said to show a response to nitrogen rather 
than to the other manurial elements when they benefit indirectly from a 
clover response to fertilizer treatments. 
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This belief is supported by the following experimental results ; — 

(а) Observations and measurements made on mixed swards following 

the application of fertilizers show that the clovers generally 
benefit from applications of phosphates, potash, and calcium 
(where the soil is deficient in available supplies of these minerals), 
but show no benefit or even retarded growth from the use of 
nitrogen fertilizers. The opposite is true for the grass species, 
which show responses to nitrogen shortly after application, but less 
marked and slower responses to the other elements applied in 
fertilizers. 

(б) Swards deficient in legumes show little or no response to lime, 

phosphate, or potash applications, but generally show marked, 
if temporary, responses to nitrogen. 

(c) Clover swards show more marked responses to lime, i)hosphates, 
and potash than do mixed swards (see later). 

These factors suggest the use of pure clover swards for measuring 
responses to fertilizers. While results from such trials could not be directly 
applied to farming practice, they should be most useful in preliminary 
work and as a means of ascertaining small differences between treatments. 
Further, the use of pure clover swards overcomes the necessity to graze 
the trial with sheep to maintain the sward, and thus the complicating 
factors associated with sheep-grazing are eliminated.- Plots can be of small 
size and adequately replicated so that results from them may be statistically 
examined. In addition, the mower gives a representative sample for 
weighing from each plot and one not subject to the error which exists when 
tall and close-growing* species are associated in the plots to be mown and 
weighed. 

Efforts to establish pure white-clover swards by seeding met with 
limited success and gave areas of great variability in type and vigour of 
clover plants present. The present technique, which has yuoved most 
satisfactory, is to propagate a single selected plant vegetatively, to plant 
out the resulting clones on the trial area, and to maintain them in pure 
association by adequate weeding. Considerable labour in weeding is 
necessary until the ground is covered by the required clover. It is an 
advantage to select a clover plant with an easily distinguished marking so 
that it may be readily separated from volunteer plants. 

When mowings are commenced, the clover clippings are discarded after 
weighing and after samples are taken for analysis. It is pro})osed in future 
to replace in the form of artificial fertilizers the nutrients removed by the 
mown clippings, but even without this refinement the results secured to 
date are particularly interesting, as is shown by Table VII. 


Table VII. — Yields of I>ry Mattes relative to Control (no Treatment) as 1(K) : 

Ruakvra 


Treatment^r per Acn*. 

Mowing Trial “ A ” under 
Mowing with Clippings 
returned (no Grazing , 
Mixed Sward), (1940-42). 

Mowing Trial on Pure 
White-clover Sward 
(Clippings n'lnoved no 

Grazing), (1944-45). 

(1) Superphosphate 3 cwt. 

119-4 

178-7 

(2) Superphosphate 3 cwt. 

122-8 

189-2 

plus lime 1 ton initially, 

3 owt. annually 
(3) As for (2) i^uB 30 per 

i 

129-8 

210-5 

cent, potash salts 

2 owt. 
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Both these mowing trials were on the same soil type (Horotiu sandy 
loam) on Buakura. The difference in response to treatment shows th^ value 
this type of trial is likely to have for future work and the importance of 
the clover elements of the sward. Several additional trials under this 
technique are in the initial stages, and it is hoped to examine results from 
these trials with those from other methods of measuring responses. 

(6) Additional Methods worthy of Trial 

(а) Pot Trials . — Several small-scale investigations have been made in 
which recognized methods of carrying out pot trials have been employed. 
These have been made chiefly by Dr. E. B. Davies, Soil Fertility Research 
Station, Hamilton. It is hoped to expand this work considerably, with 
particular emphasis on the discovery of the most suitable “ indicator 
plaiits (including white clover) and the relationship that results from pot 
trials show with those from field experiments. 

Pot trials, while they wfll always have a valuable place in grassland 
research, must be followed up by field experiments, because of the following 
reasons : — 

(i) Grassland shows extreme variability and sufficiently representative 

sw^ards are not usually secured in pots. It is necessary to use 
“ indicator plants.*’ 

(ii) The disturbing of the soil profile when filling the pots destroys the 

physical nature of the soil as it is found in the field. It is 
possible that techniques may be developed to overcome this 
drawback. 

(iii) Drainage and water relationships and climatic factors are dis- 

similar in pots from conditions existing in the field. 

(iv) Leaching of fertilizers and chemical and microbiological soil 

reactions may differ. 

(v) It is not possible to introduce the dffect of the grazing animal. 

On the other hand, the pot trial is rapid, economical of space and labour, 

and, what is most important, can be conducted practically under laboratory 
control conditions, being independent of soil and climatic variations. The 
accuracy of measurement is therefore high. 

What is required is some factor by means of which differences shown in 
pot trials may be translated into differences shown in field trials. It is 
hoped .to commence this work at the Soil Fertility Research Station, 
Hamilton. A promising preliminary line of approach is the use of large 
pots in which undisturbed soil profiles can be placed. 

(б) The Use of Tethered or Enclosed^' Animals for Grazing . — One 
method of avoiding “ transference of fertility ** which has resulted from 
animals grazing in a common enclosure is to limit the movement of them 
across the borders of the plots. This immediately introduces difficulties 
of grazing, but possibly these difficulties might not be insuperable. Trials 
were made by Mr. A. W. Hudson at Marton in tethering sheep so that each 
animal could graze but one plot, bUt the work was not persisted with 
because of the difficulties of training the animals to behave normally when 
tethered. On the other hand, other animals such as goats, cows, or steers 
may be more easily tethered. It is considered that the method has 
possibilities which will be wbrth following up with further trials. 

With sheep grazing in small enclosures, each one of which covers a 
tiflnglc plot, great cai;e would have to be taken to see that the pastures were 
not overgrazed. Plots wdbld have to be of sufficient size to give grazing 
for a mx^le animal for about a day. It is likely that the grazing of such 
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areas would be uneven until the animals were accustomed to a great deal 
of handling. Particular care would need to be taken to ensure that the 
sheep did not ‘‘ bring-in or “ remove more nutrients than those 
represented by the herbage they consumed. 

(c) ‘‘ Alternate Year Trials, — One of the major difficulties which arise 
when “ mowing only ” trials are undertaken is the sward change 
deterioration which occurs when the selective action of grazing is omitted. 
With “ mowing and grazing ” trials this deterioration is prevented by 
alternating mowing and grazing so that no area is under “ mowing only ” 
for more than about six to eight weeks. It is considered that the average 
sward will not be seriously affected by mowing for a much longer period 
than this, particularly if the clippings are returned to the plots after 
cutting. The suggestion is, therefore, that grazings alternate with mowings 
at yearly intervals, as follows : — 

First Year : Area A under “ mowing only ” (weights secured) ; 
area B is prepared for trial. 

Second Year : After top-dressing, Area B is under mowing only 
(with production records) ; area A is grazed (no production 
records). 

Third Year : After top-dressing, Area A is mown (with production 
records) ; area B is grazed. 

And so on. 

By this means no transference of the nutrients applied in the annual 
top-dressings can occur, though any residual effects of applications will 
have been affected to some degree by the period under grazing. 

This method is at present under trial at the Marton Ex])erimental Area 
on both a pure w'hite-clover area as well as a mixed sward. 

(d) Trials mi “ Pure Grass ” Swards. — While there appears to be little 
doubt that leguminous plants respond more readily to applications of 
phosphates, potash, and calcium than do the grasses, there is also little 
doubt that the reverse is true in the case of nitrogen fertilizers. It w'ould 
therefore seem desirable to establish pure grass vsw^ards for trials with such 
fertilizers, and the practicability of such swards is being investigated at 
Hamilton. 

{e) ''Strips'* out of Paddocks before Grazing . — This method is used to 
give rough estimates of the herbage production in fields under grazing and 
can often be used to advantage to supplement stock grazing and production 
data. 

It consists in sampling the field by means of mowing m(*asured strips 
shortly before the area is grazed. The assumption is made that the grazing 
will reduce the herbage to the height of mowing so that the weight obtained 
will give an estimate of the amount of feed available to the stock. 

Because of the following defects an accurate figure of total production 
is not obtained. 

(i) No estimate is made of the production of herbage during the period 

the trial area is under grazing. 

(ii) It is most difficult to graze a field to the height represented by 

the mown area, and therefore succeeding estimates of pro- 
duction are high or low according to whether the grazing was 
above or below this ‘‘ mower height.'’ 

(iii) Grazing in any case leaves the field with an uneven height of 

pasture and not one equivalent to an even, mowui swanl. 

(iv) If the field is small, difficulty will soon be experienced in avoiding 

previously mown strips. These are prominent for a considerable 
time usiwlly, because grazing is concentrated on such areas. 
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This method has largely been replaced by the enclosure ” technique, 
which is described in the next section. 

{/) Sampling wUh Shears , — The mower does not remove herbage in a 
manner comparable with the grazing animal, and in all techniques in which 
it is used there is an element of artificiality as a result. Sheep, for instance, 
will graze closer to the ground than a mower can cut, and they will thrive 
and obtain feed from a pasture which, according to mower weights, is not 
yielding anything. It is very difficult to suggest alternatives to the mower. 

Plucking ” the grass is one method, but here the personal element is too 
great. 

The use of shears, which enable the herbage to be removed at ground 
level, is one method of overcoming the difl&culty. Unfortunately, it is 
laborious and time consuming and only small plots can be sampled by such 
means ; further, the herbage sample is frequently contaminated with dirt. 
Once sampled, the area would need to be avoided for a long period. 

Such a method does have the advantage that a “ trimming ” cut is not 
required, and is also of use in cases where a rough ground surface or one 
winch “ pugs *’ badly with stock makes it difficult or impossible to use a 
mower. Investigation is being made into suitable types of shears, and it 
is not unlikely that these can be so designed that the herbage may be cut 
with comparative ease. 


B. Large-scale Animal plus Grassland Production Trials 

These investigations require considerable areas of ground and are 
relatively costly and time-consuming to carry out. The policy of the 
Fields Division has been to use such methods to translate the records 
obtained from small-plot trials into records of direct application to farming 
practice. The numbers of comparisons per trial must be small in comparison 
with those which may be handled with small-plot trials or the experiments 
become unwieldy. 

They may be considered as follows : — 

(1) “ Enclosure ” technique. 

(2) “ Difference ” technique. 

(3) “ Constant animal weight technique. 

(4) Animal production and growth trials. 

(1) “ Enclosure Technique 

This has proved the most satisfactory method so far adopted and is one 
which can be used in conjunction with a wide range of stock trials. 

In this technique grassland production is measured by means of movable 
frames or enclosures, the sizes adopted being 11 ft. square, 11 ft. by 
5 ft. 6 in., and 5 ft. 6 in. square, according to the size of the experimental 
field. The technique of measurement is as follows, each measurement figure 
requiring a pair of frames (A and B) to obtain continuous production 
records : — 

Day. 

1 . . Frame A is placed in field. 

10 . . Herbage in frame A (now all above ** mower height **) is trimmed. Frame B 
is “ placed.” 

20 . . Herbage in frame A is movm and weighed and frame is placed in a new position. 
Herbage in frame B is trimmed. 

30 .. Herbage in frame B is mown and weighed. Frame B is placed In a new position 
in the field. Herbage in frame A is trimmed. 

And so on. 
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By this method continuous production records are secured independently 
of grazing as long as the fields are under normal grazing management. 
Weights are secured from areas which have been mown but once previously 
(the “ trimming ” cut), and therefore the sward in the enclosure is likely 
to be very sin^ar in composition to that of the surrounding field. 

The grazing management must be such that the pasture is under control 
at all times. A lengthy growth when trimmed produces a form of recovery 
growth quite different from that from the sward under normal grazing. In 
any case, it is not advisable to mow and weigh until at least a week after 
trimming, as this “ recovery growth ” grows at a rate quite different from 
normal growth and frequently has a different composition. Such growth 
tends to “ harden off ” in three or four days and become normal in all 
respects. 

A modification of this technique can be used where strict grazing control 
is possible, and with this modification .only half the number of frames is 
required : — 

Day. 

1 . . Frame is placed in the paddock. 

2-5 . . Area is grazed. 

5 . . Herbage in frame is trimmed. 

10 . . Field is grazed. 

15 . , Herbage in frame is mown and weighctl. Frame is placed in a new position 

after trimming the area on which frame is to be placed. 

20 . . Field is grazed. 

25 . . Herbage in frame is mown and weighed. Frame is placed in a new position 

after trimming the area on which frame is to be placed. 

And so on. 

The essential feature of the above method is that sufficient time must 
elapse between grazing the field and trimming an area in it (at the same 
time as the herbage protected by the frame is mown and weighed). This 
procedure is necessary in order that all the grazed herbage may recover to 
a sufficient height to enable it to be evenly trimmed with the mower. 

The “ enclosure ” technique may be applied to a layout of treatments 
so fenced that each treatment is in a separate field and thus ‘‘ transference 
of fertility from one treatment to another is avoided. With fields of a 
sufficient size (say one-tenth of an acre or greater for sheep) normal 
grazing management is possible. In such cases stock-production data 
(live weight, milk, and wool yields, &c.) and stock-grazing days can form a 
very useful adjunct to the grassland-production figures as measured by the 
“ enclosure ” technique. The full trial of this nature involves the use of 
holding-paddocks for such stock, each holding- paddock being treated in a 
manner identical with one of the experimental paddocks. The flocks of 
animals can, by such means, be maintained solely on each individual 
treatment and the fCillest possible data can be secured thereby under 
conditions where no transfer of nutrients by stock from one treatment to 
another is possible. 

It is possible to use the enclosure technique on small-plot trials 
using smaller frames. In some cases this adaptation is very useful, as it 
enables records to be secured independently of the grazing of the trial area. 
Another adaptation of the method is in “ rate of growth trials, by which 
means it is possible to study seasonal variations in grassland production. 
The essential difference from the normal technique, where mowing is 
carried out only when the pasture is at the usual height of growth for 
grazing, is the catting of the sward at regular intervals, irrespective of the 
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growth present. This enables the troughs as well as the peaks of production 
to be clearly defined. The usual interval is a fortnight, but with overlapping 
growth periods information of fluctuations in production at smaller time 
intervals can be secured. 

Table VIII gives the percentage standard and sampling errors on two 
trials at Marton under the “ enclosure *’ technique. It will be seen that 
these are reduced to a satisfactorily low figure after the initial one or two 
years. This effect is possibly due to an evening-up of the small experimental 
fields (of J acre) due to more even grazing and better utilization of the 
herbage than was the case in the initial paddock before and for a year or 
two after it was subdivided into experimental paddocks. (Note. — ^The 
sampling error in each case is estimated from two samples per plot.) 


Table VIII. — Standaku Erbobs and Samplinq Ebbobs of Trials at Mabton 
UNDER “ Enclosure ** Technique 


Trial. 

Bnors per Plot a 
Mean FI 

Standard Error. 

s a Percentage of 
ot Yield. 

Sampling Error. 

R. 1940-41.. 

14 5 

7-3 

1941-42.. 

13*6 

61 

1942-43.. 

40 

4-2 

1943-44.. 

1-3 

21 

1944-45.. 

3-7 

2*9 

S. 1940-41., 

11*6 

40 

1941-42.. 

7*6 

4-B 

1942-43 

6-8 

IM 

1943-44., 

4*8 

4-8 

1944-45 

6*8 

8*0 


(2) ** Difference ” Technique 

This is a simple modification of the enclosure technique, but one which 
enables an estimation to be made of the consumption of herbage by the 
grazing animal — i.s., it gives a measure of the utilization of pasture growth. 

It simply consists in recording the weights of the “ trimming cut, 
and the amount consumed by the animal is then estimated as follows : — 




10 .. 

11 .. 


Field is grazed. After sheep are removed, areas are mown and weighed and 
frames placed in position over them. (Suppose the weight of the oUppings 
from this cut is i lb.) 

Field is grazed. 

After sheep are removed — 

(a) Mow and weigh herbage enclosed by frames (say this amounts to 5 lb.). 
{b) Mow and weigh adjacent areas each of the size enclosed by the frame 
(say the clippings from these weigh 1 lb.). Place the frames on these 
trimmed areas. 


And so on. 


Then— 

(а) The production of herbage for the period day 1 to day 11 is 6 lb. 

(б) The amount of herbage eaten at the grazing-days 10 and 11 is the 

herbage remaining after the p^vious grazing (}lb.) plus the 
production in the growth period (5 lb.) minus the herbage 
remaining after the second grazing (1 lb.) — 4| lb. 
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This technique suffers from the inaccuracy in that sheep (and some 
other animals) graze closer to the ground than the mower can cut and 
therefore the weight of trimmings is liable to be on the low side, as is the 
estimate of consumption and production. Relative figures should be 
reasonably comparable, however, and Table IX, which is based on a trial 
at Marton conducted under this technique, shows that reasonably consistent 
figures may be obtained when using it. The fields in this trial were sown 
to different pasture mixtures and under different managemental conditions. 
Nevertheless, the measure of the consumption of herbage by sheep in each 
field is reasonably constant. 


Table IX. — Consumption of Hebbaoe by Sheep (as measured by the 
“ Difference ” Technique) : Trial O, Marton 

(Period 2nd May, 1944, to Ist May, 1945) 



Herbage cousumed per Sheep per Day. 

Field No. 

Green Material. 

Dry Matter. 

May to 
November, 
1944. 

November, 
1944, to 
May, 1945. 

May to 
November, 
1944. 

November, 
1944, to 
May, 1945. 

I 

12-9 

19'4 

2-36 

3*49 

2 ..... 

12-6 

18-9 

2-.30 

3-43 

3 T 

13-2 

22-6 

2-36 

3-86 

4 

12-9 

20-5 

2-28 

3*79 

5 

10- 1 

19-2 

2-25 

3-70 

6 (summer spelled) . . 

130 


2-36 


7 (winter spelled) 


22 8 


i 3*90 

1 ^ 

Mean 

12-5 

20-6 ; 

1 i 


1 w 

o 


The variation between the two periods as shown in Table IX is, of 
course, the reflection of the difference in amount of pasture available as well 
as the higher productive ration needed by the sheep in the summer period. 

(3) “ Constant Animal Weight ’’ Technique 

This technique appears to have been developed by Rhoad and Carr(3) 
using mature steers, and preliminary work which has been carried out at 
the Soil Fertility Research Station, Hamilton, indicates that the method 
can be used successfully with dry sheep. 

Essentially the technique aims at keeping the experimental animals at 
a constant weight. Differences between the various experimental pastures 
can then be measured directly in terms of carrying-capacity of such 
animals. There are two methods of doing this 

(а) Altering the numbers of stock in the experimental fields on the basis 

of changes in their weight. If slight gains in weight are recorded 
during the weighing period (usually a week), additional stock 
numbers will be put into the field concerned until the animals 
are on a maintenance diet. Conversely, if they are losing weight, 
the stock numbers have to be reduced. 

(б) Altering the size of the field in which the animals are grazed so that 

their weight is kept constant. This procedure introduces variation 
in treatment of the experimental fields and is therefore considered 
not as desirable as the alternative method. 
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Obviously considerable experience in using this technique and previous 
investigation into the reaction of the animals used are essential, but it does 
offer a means of obtaining data directly in the terms in which it is required — 
i»e., those of the animal Mature dry animals must be us^, and to some 
extent this limits the application of the method. The demands of a 
milking-cow are probably quite different from those of a mature steer on 
a maintenance ration, and important questions such as palatability and 
efficiency of pasture utilization are unlikely to be satisfactorily translated 
from one type of stock to the other. Nevertheless, there are a great many 
problems to which this technique appears to offer promise as a means of 
obtaining satisfactory solutions. 


(4) Animal Productim and Growth Trials 

Because trials of this nature represent data in the form in which it is 
of immediate practical application, they are usually considered as the final 
stage of any research problem dealing with grassland. Unfortunately^ 
they are costly and take up large areas of land, while needing much 
specialized labour for a few comparisons. It is therefore necessary to reduce 
the number of comparisons down to the smallest possible figure by methods 
such as small-plot grass trials before attempting this type of experiment. 

As with all experiments involving the use of stock, the variability of 
the animal introduces another and most difficult factor into the comparisons. 
The use of identical twins (which is being investigated by McMeekan at the 
Ruakura Animal Research Station, Hamilton) is a promising means of 
overcoming this difficulty, but such animals are very difficult to acquire. 

No attempt will be made to explain the many types of trial of thia 
nature, except to mention an alternative line of approach, and that is the 
testing out of promising treatments on a farm scale. Such a method does 
not give accurate data perhaps, but it offers practical demonstration of 
the feasibility of the treatment in question. In the long-run this is the 
method which finally decides its adoption into farming practice, and in 
many instances it is not necessary to introduce the large-scale animal trial 
at all, progressive farmers having demonstrated the usefulness or otherwise 
of the suggested treatments on their own property. 

When trials of this nature are undertaken they should always be run 
in conjunction with pasture-production measurements, and the “ enclosure 
technique, in the opinion of the writer, is of great use in this connection. 


C. Demonstrational Stock-grazing Trials and Observational Triai^s 

These trials are used extensively in connection with the extension work 
of the Fields Division, and in most cases they have two main functions : — 

(a) Dernoristrational . — As a means of demonstrating to the farmer 

methods or treatments developed at research institutes or experi- 
mental stations these trials are invaluable. Perhaps pasture 
species and strains trials have proved to be the most useful type 
of demonstrational trial. 

(b) Experimental . — ^Although under observation only, trained observers 

can give comparisons on which considerable reliance may be 
placed- Large areas of land can be quickly surveyed by this 
t3rpe of trial, which has its greatest application in observational 
^ pasture top-dressing experiments, hundreds of which have been 

Imd down throughout New Zealand. 
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Observational trials of this nature on grassland usually consist, of a 
series of small plots (20 x 25 links is a standard size), and these are 
reported on at regular intervals. Stock-grazing trials are usually on the 
“ half-paddock system, whereby a uniform field is divided into two halves, 
each half being treated according to the comparison desired. Observations 
on pasture growth from these half-paddocks are supplemented by stock- 
carrying figures, which arc supplied by the co-operating farmer. 

All these trials are laid down on farms and under normal farming 
conditions, with the co-operation of the farmer concerned. They serve, 
therefore, as a direct link between research and the farmer as well as having 
a considerable value on their own account as field experiments. 


Conclusions 

This survey demonstrates the need for improved techniques in grassland 
research. Despite this need, however, it is considered that considerable 
progress has been made, and this appears likely to be continued in the near 
future. 

Some of the techniques previously extensively used by the Fields 
Division have been the subject of considerable criticisms. This applies 
particularly to the ‘‘ mowing and grazing ” technique, and although the 
limitations of this method are fully realized, the writer has endeavoured 
to meet some of the criticisms and to show that the results secured using 
the technique are not invalid. With an appreciation of its limitations, it 
is considered that the ‘‘ mowing and grazing ” technique may still be 
usefully used in grassland research. 
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THE INFLUENCE OF CERTAIN MILKING-MACHINE 
ADJUSTMENTS ON THE RATE OF 
MACHINE-MILKING 

By W. G. Whittlbston and S. A. Veeraxl, Animal Eosearch Station, 
Department of Agriculture, Euakura 

[Received for pMkation, SOth October," 1946] 

Summary 

Cows were milked under strictly controlled milking-conditions and the 
milking process measured by means of an automatic milk-flow-recording 
apparatus. Using the average rate of flow given by the milk-flow curves as 
a criterion, the effect of the following machine-milking factors was examined. 

Bate of application of the squeezing and releasing action of the pulsator : 
pulsator speeds of 21, 42, and 84 pulsations per minute at a vacuum of 14} in. 
and vacuums of 10 in. ; 14} in. ; and 19 in. at a pulsator s^d of 42 pulsations 
per minute. Generally, no significant difference in milldng rate was found 
between the different sets of conditions. 

In a previous paper(l) the influence of the level of stimulus applied by the 
milking-machine pulsator on the rate of milking was described. A subsequent 
paper(2) describes the characteristics of the milk-ejection curve of normal 
cows under strict milking-oonditions. The present paper gives the results 
of experiments which cover factors other than the pulsator. The milking- 
conditions were, unless otherwise mentioned, as described in the second 
paper referred to above(2). Briefly, they were as follows : A single-bail 
orthodox releaser plant with slide jmisators was operated at a pulsator rate 
of 4:2 pulsations per minute and ratio of 50 : 50. The vacuum was 14| in. 
A constant tension was maintained on soft rubber topped inflations. 

The cows were leg-roped and the udders washed immediately prior to 
application of the cups. For the first experiment the cows were machine- 
stripped by pulling down the cups when the milk-flow rate as indicated 
by flow-measuring sight-glass{2) fell below 0*5 lb. per minute. When the 
flow had fallen again the cups were removed. 

The measurements given below were obtained by the use of the recording 
apparatus previously described(3). All recordings were made at afternoon 
milkings. . In addition, on days when recordings were not being made, two 
time-clocks (one for each group), operated by relays which closed while the 
cups were on the cows, were used to obtain total milking-times. The clocks 
gave an accurate total’ time over ,a period of hours but could not be read 
in small enough units to enable the variance of the individual times to be 
determined. The average figures given are useful when taken in conjunction 
with the results from the recording-apparatus. 

The experiments to be described were carried out on a group of twelve 
cows milked under strictly controlled conditions for a period and milk- 
ejection curves determined. The cows were paired on the basis of similarity 
of milk-ejection curves. 

Generally, the average rate of millang in pounds per minute is taken as 
a criterion in the comparison of treatments. 

The first experiment was designed to discover whether the rate of 
application of “ squeeze ” and “ release ” by the pulsator would affect 
milking-rate. This is another aspect of the problem of the effect of pulsator 
stimulus. 
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One cow of each pair was milked with normal pulsation during one 
period of the experiment, the other cow being milked with a pulsator 
adjusted so that during the squeeze phase the pulsator chambers of the 
teat-cups did not quite reach atmospheric pressure. During the second 
period the groups were changed over. The pulsator vacuum graphs are 
shown in Fig. '1. The results of the experiment are set out in Table 1. 

The average milk-flow rate (W/t) was measured from the milk-flow 
curve. 


Table I 


Date. 

Control. 

Experi> 

mental. 

Date. 

Control. 

Experi- 

mental. 

.Date. 

Control 

Experi- 

mental. 

No. of Cow . . 

89. 

X4. 

No. of Cow 

04. 

X80. 

No. of Cow 

121. 

X277. 

lS/11/45 .. 

31 


13/11 .. 

7-9 

4*3 

13/11 .. 

2-7 

2*7 

16/11 

1-8 

4-6 

16/11 .. 

2*0 

2-4 

15/11 .. 

3*2 

2*4 

19/11 

1*9 


19/11 .. 

51 

5*7 

19/11 .. 

30 

3-3 

23/11 

2-4 

3-9 

23/11 .. 

3*3 

30 

23/11 .. 

2*9 

2*5 

26/11 

1-7 

4-4 

26/11 .. 

2*9 

4*8 

i 26/11 .. 

i 

3*4 

2 3 

No. of Cow . . 

X4. 

39. 

No. of Cow 

X80. 

04. 

No. of Cow 

X277. 

I 

121. 

1 

27/11 

4*2 

2*0 

27/11 .. 

2-8 

3*4 

27/11 .. 

2*7 

2*8 

30/11 

47 

1*4 

30/11 .. 

1*8 

2*9 

30/11 .. 

3*3 

31 

1/12 

3-6 

1-8 

1/12 . 

3*6 

8*1 

1/12 .. 

2-6 

3*1 

7/12 

40 

1-6 

7/12 .. 

4*3 

3*4 

7/12 .. 

2*9 

2-5 

10/12 

3-4 

2-9 

10/12 .. 

4*1 

3*3 

10/12 .. 

2*8 

3*4 

I 

I 

No. of Cow .. 

X66. 

X18. 

1 No. of Cow 

1 

167. j 

142. 

No. of Cow 

j 186. 

I 

j 180. 

13/11 

3*8 

4.« j 

i 13/11 •• 

2*2 

21 

13/11 .. 

31 

f 3-2 

16/11 

i 40 

4-8 

l6'll .. 

2*3 

1-8 

15/11 .. 

1 2-6 

31 

19/11 

3*8 

4-9 

] 19/11 .. 

[ 1-9 

1-8 

19/11 .. 

3*2 

2*9 

23/11 

3-8 

61 

1 23/11 .. 

2*2 

2*6 

23/11 .. 

2-8 

2-8 

26/11 

3-7 

4-4 

! 26'11 .. 

1 1 

20 

1-7 

26^11 .. 

i 

2-7 

4*2 

No. of Cow . . 

X18. 

X66. 

j No. of Cow j 

1 

142. 

167. 

1 No, of Cow 

180. 

1 186. 

27/11 

4*8 

4-5 

27/11 .. 

2*1 

2*6 

27/11 .. 

3*6 

3*0 

30/11 

4*7 

i 4*4 

30/11 .. 

2*0 

2*7 

30/11 .. 

3-6 

3*4 

1/12 

4*6 

4*2 

1/12 .. 

1*9 

2*6 

1/12.. 

3-7 

2*2 

7/12 

4*6 

6*1 

7/12 .. 

1*6 

2-2 

7/12 .. 

3-2 

2-8 

10/12 

6*9 

4*6 

10/12 .. 

1*8 

2*2 

10/12 .. 

3*3 

2*6 


These results may be summarized as follows : — 

Mean milking-rate for control treatment . . — 3*25 lb./n)iiiute. 

Mean milking-rate for experimental treatment 3*37 Ib./minute. 
Difference . . . . . . = 0-12 Ib./ininiite. 

This difference is not statistically significant. 

The difference between the treatments is not significant. 
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The time-clocks gave the following figures : — 


Table 11.— Milxiko-timbs, in Muhttss 


Period. 

Control. 

Slow Squeeie 

Group. 

1 

7*67 

8*62 

2 

7-68 

6*60 

Means 

7*63 

7*66 



• 


Again it is evident that there is little difference between the groups. 
As the cows were “ machine-stripped ” by pulling down on the teat-cups 
throughout this experiment, the following figures are of interest. 



Fiq, 1 . 

The average milking-time as indicated by the clocks was 7*60 minutes. 
This figure was governed by the flow-indicating sight-glass, and also included 
both morning and evening milkings. This accounts for the fact that the 
figure is larger than the average time given by the milk-flow-recording 
device, which was 6*67 minutes. When records were being made the 
machine-stripping and removal of the cups were controlled by an estimate 
of the gradient of the milk-ejection curve, which is a more precise method 
than the sight glass. If the time taken to ** machine-strip the cows is 
deducted from the over-all time as given by the milk-ejection curves, we 
get a figure of 4*59 minutes. This machine-stripping time of 2*08 minutes 
supports the contention of many practical farmers that machine-stripping 
is not much, if any, faster than hand-stripping. The average amount of 
inachine-strippings for the period was 0*82 lb. of milk — t.e,, 5*8 per cent* 





Id47] Whittlbstok and Verrall.— Influence of certain 4X)9 
Milking-machine Adjustments on Rate of 
Machine-milking 

Throughout subsequent experiments machine-stripping was abandoned 
and a complete non-stripping schedule adopted. 

The second experiment made a comparison between milking-rates for 
cows milked with normal pulsation and those milked using a pulsator giving 
a normal form of pulsator vacuum curve but double the number of pulsations 
per minute. Figure 2 shows the normal and double pulsator vacuum graphs. 

Table III gives the results of the experiment. 


Table III 


Date. 

Control. 

Experi- 

mental. 

Date. 

Control. 

Experi- 

mental. 

Date. 

Control. 

Experi- 

mental. 

No. of Cow . . 

80. 

X4. 

No. of Cow 

04. 

X80. 

No. of Cow 

121. 

X277. 

16/1/46 . , 

2-3 

1-9 

16/1 . . 

4*9 

2*6 

16/1 . . 

2-6 

2-2 

18/1 

10 

1-6 

18/1 . . 

1 1*2 

2*9 

18/1 . . : 

3*3 

1*3 

21/1 

11 

1-8 

21/1 . . 

1-4 

31 

21/1 . . 

2*6 

2*9 

No. of Cow . . 

X4. 

39. 

No. of Cow 

1 X80. 

04. 

No. of Cow 1 

X277. 

1 121. 

22/1 

21 

10 

1 

22/1 .. j 

2*7 

1*6 

22/1 . . 

2*2 1 

2*7 

25/1 



25/1 .. 1 

1*5 

0*7 

25/1 . . 

1-5 1 

2*9 

28/1 

2-2 

0*9 

28/1 . . 

1 1 

1*6 

1-3 

28/1 . . 

2-8 1 

2*3 

No. of Cow . . 

X66. 

XIS. 

No. of Cow 

167. 

142. 

1 No. of Cow 

186. 

1 180. 

16/1 

2-9 

3*8 

15/1 .. 

21 

1*9 1 

15/1 . . 

1*4 

2*2 

18/1 

30 

3-4 

18/1 . . 

2*2 

2-4 

18/1 . . 

2*0 

30 

21/1 

4-2 

3*6 

21/1 . . 

2*3 

1*9 1 

! 

21/1 . . 

2*5 

4*8 

No. of Cow . . 

1 X18. 

X66. 

j No. of Cow 

142. 

1 167. j 

No. of Cow 

180. 

186. 

22/1 

6*3 

2-8 

22/1 .. 
25/1 . . I 

2*0 

2*8 

22/1 . . 

1*6 

2-4 

26/1 

4*4 

22 

1*5 

2-2 

25/1 . . 

2*7 

2*5 

28/1 

2-8 

2*8 

28/1 . . 

1*7 

2*4 

28/1 . . 

2*2 1 

1*9 


These results may be summarized as follows : — 

Mean milking-rate for control treatment . . = 2*38 lb. /minute. 

Mean milking-rate for experimental treatment == 2*32 Ib./minute. 
Difference . . . . = 0*06 Ib./niinute. 

This difference is not statistically significant. 

Table IV gives the results indicated by the time-clocks. 

Table IV 


Ferlod. 

Time» In Minutes. 

Double 

Control. Pulsator 

Speed. 

1 




4*82 

5*18 

2 

*• 

•• 

*• 

4*82 

4-82 


Mmiib 

•• 

•• 

4*82 

6-00 
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These figures confirm the previous oonolusion*. It is interesting to note 
the faster over-all milking-rate during this second experiment when machine- 
stripping was abandoned. 



Fia. 2. 



TIMC rsecs.) 


¥io. 3 . 


The only difference between the two groups noticeable to the milker was 
the tendency for the teat-cups to fall more readily from the cows when the 
double pulsation rate was in use. This may be due to the fact that the faster 
pulsation would consume more air and so reduce the reserve capacity of 
tibie vacuum-pump. This is a real argument against fast pulsation. 

The third experiment was identical with the second, except that the 
experimental groups were milked at one-half the normal pulsation speed. 
The pulsation vacuum graph is shown in Fig. 3. The results are set out in 
Table T. 
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Table V 


Date. 

Control. 

Experi- 

mental. 

Date. 

Control. 

Experi- 

mental. 

j Date. 

1 

Control. 

Experi- 

mental. 

Ko. ofOow .. 

89. 

X4. 

No. of Cow 

04. 

j X80. 1 

1 No. of Cow 1 

121. 

X277. 

29/1/46 . . 


21 

29/1 .. 

1*6 

2*1 

29/1 .. 

1*6 1 

2*3 

1/2 

0*9 

1*8 

1/2 .. 

1*5 

1*6 

1/2 .. 

1*9 

1*6 

4/2 

1*2 

1*2 

4/2 .. 

1*4 

2*9 

4/2 .. 

2*4 

1*2 

No. of Cow . . 

X4. 

30. 

{ No. of Cow 

i XdO. 

1 

04 j 

1 No. of Cow j 

X277. 

121. 

6/2 

2*0 

0*7 

6/2 .. 

1-2 

1*8 

6/2 .. 

21 

1-8 

8/2 

1*4 

20 

8/2 .. 

2*1 

1*5 

8/2 .. 

1*6 

2*1 

11/2 


0‘7 

n/2 .. 

0*5 

1*5 

i •• 

2*9 

2*4 

No. of Cow . . 1 

1 

1 X06. 

1 

X18. 

No. of Cow 

167. 1 

142. 1 

1 No. of Cow 

. 

186. 

1 

180. 

29/1 

30 

2*4 

29/1 . . 

1*7 

1 

1 2*1 

29/1 . . 

2*1 

2*1 

1/2 

3*1 

2*7 

1/2 . 

1*6 

1 1*6 

1/2 .. 

2*3 

1*6 

4/2 

1-8 

2*3 

4 -r 

1 2*3 

i i 

4/2 . 

2-3 

1*0 

No. of Cow .. 

X18. 

X66. 

1 

j No. of Cow 

142. 

167. j 

1 No of Cow 

1 180 

1 186 

1 

5/2 .. 1 

3*4 

3-7 j 

! 6/2 . . 

0*8 

1 

1 1*6 

1 6/2 .. 

1*3 

1 

1*7 

8/2 

2*8 

2-2 

8/2 . . 

1*4 

1 20 

1 8/2 . 

3-2 

i 2*0 

11/2 

2-6 

1.6 1 

11/2 .. 

1*6 

2-3 

1 11/2 

l 

1 1-4 

1 

i 2*0 


These results may be summarized as follows : — 

Mean milking-rate for control treatment . . 1*88 lb./ minute. 

Mean milking-rate for experimental treatm(*iit = 1*88 Ih./miuute. 
Difference Nil. 

There is no significant difierence. 

Table VI gives the time-clock readings : — 


Table VI 


Period. 

Time, in Minutes. 

Control. 

Half Pulsator. 

Speed. 

1 

4*82 

4-90 

2 

1 4*91 

6*17 

Means 

4*87 

604 


Again we find a small difference. In comparing these figures with those 
in Table IV it is of interest to note that both double and half-normal pulsator 
speeds give slightly slower milking than the normal group. It is clear that 
quite large variations in pulsator speed have no signincant effect on milking- 
rate. 
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The following two ex^ieriments are intended to ascertain the influence 
of level of vacuum on milking-rate under the conditions described earlier. 
In the fourth experiment the cows are milked at 10 in. and 14} in. 
re8i>e<^vely, using the change-over technique applied to the previous 
experiments. The fifth experiment used vacuums of 14} in. and 19 in. 
The vacuum was adjusted and maintained constant by the use of a weighted 
relief valve with a variable weight. 

The results of the experiment with 10 in. and 14} in. vacuums are set 
out in Table VII. 

Table VII 


Date. 

14f in. 
Yacaum. 

10 in. 
Vacuum. 

Date. 

14| in. 
Vacuum. 

10 in. 
Vacuum. 

Date. 

14| in. 
Vacuum. 

10 in. 
Vacuum. 

No. of Cow .. 

X4. 

39. 

No. of Cow 

X80. 

04. 

No. of Cow 

X277. 

121. 

18 / 12/46 .. 

3-2 

1-2 

18/12 .. 

1-9 

2*2 

18/12 .. 

21 

2*3 

21/12 

2*8 

1-2 

21/12 .. 

2-5 

3*7 

21/12 .. 

2*6 

1*7 

54/12 

3*3 

2*2 

24/12 .. 

2*6 

3*4 

24/12 .. 

2*6 

3*3 

No, of Cow . . 

39. 

X4. 

No. of Cow 

04. 

xso. 

No. of Cow 

121. 

X277. 

26/12 

1*7 

1-9 

26/12 .. 


31 

26/12 .. 


1*3 

28/12 

1-7 

2-3 

28/12 .. 


2*6 

28/12 .. 

2*6 


^1/12 

1-4 

20 

31/12 .. 


30 

31/12 .. 

3*3 


No. of Cow . . 

XIS. 

1 

i X66. 


142. 

167. 

No. of Cow 

ISO. 

ISO. 

18/12 

43 

40 

18/12 .. 

1-8 

2-2 

18/12 .. 

2*6 

22 

21/12 

4-4 

2-9 

21/12 .. 

21 

1-6 

21/12 .. 


1*8 

24/12 

4-7 

3-4 

24/12 .. 

1-6 

1-7 

24/12 .. 

2*6 


No. ofCow .. 

X66. j 

Xl ». 


167. 


No. of Cow 

186. 

ISO. 

26/12 


3-6 

26/12 .. 

1*8 


26/12 .. 1 

2*6 

1*6 

28/12 


6-6 

28/12 .. 

1-8 

1*3 

28/12 .. 

2*8 

2*6 

Sl /12 


• * 

31/12 .. 

2*5 

1*3 

81/12 .. 

2*6 

2*6 


These results may be summarized as follows : — 

Mean milking-rate for control treatment . . = 2*64 Ib./minute. 

Mean milking-rate for experimental treatment = 2*42 Ib./minute. 
Difference . . . . , . = 0*22 Ib./minute. 

This difference is not statistically significant. 

The time-clock readings are set out in Table VIII. 


Tabus Vm 



Time, in Minuter. 

Period. 

— ; 



14| in. Vacanm. 

10 in. Vaouiuii* 

1 


7*08 

• 2 

6-40 

6*88 

Meant 

6*70 

6*48 
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Table IX gives the results obtained when 14| in. and 19 in. vacuums 
were used. 

Table IX 


Date. 

14i in. 
Vacuum. 

19 In. 

1 Vacuum. 

1 1 

Date. 

141 in. 
Vacuum. 

10 in. 
Vacuum. 

1 

j Date. 

14| in. 
Vacuum. 

10 in 
Vacuum. 

No. of Cow . . 

30. 

X4. 

No. of 

Cow 

04. 

X80. 

No. of 

Cow 

121. 

X277. 

1 / 1/46 

1-3 

2-6 

1/1 

1 

3-4 

3-2 

1/1 


3-8 

3-3 

«/l 

22 

2*8 

6/1 


2-6 

2*6 

6/1 


2-5 

2-3 

7/1 

3-2 

21 

7/1 

1 

2-7 

1-9 

7/1 


2-6 

3-5 

No. of Cow .. 

1 

X4. 

39. 

No. Of 

Cow 

X80. 

04. 

No. of 

Cow 

1 

X277. 

121. 

8/1 

21 

2-2 

8/1 


2*0 

1-4 

8/1 


3-5 

‘ 2-9 

11/1 

1*4 

1-8 

11/1 


3*9 

1-4 

11/1 


2-4 

i 3-3 

14/1 

20 

1-3 

14/1 


30 

2-4 

14/1 


1-3 

2-4 

No. of Cow . . 

Xd6. 

X18. 

No. of 

Cow 

1 167. 

142. 

No. of 

Cow 

, 1 

186. 

180. 

1 

1/1 

2-7 

4*1 

1/1 


21 

2-3 

i 

1/1 


[ 1 

3-7 

1 

! 2-2 

6/1 

51 

3-9 

6/1 


31 

21 

6/1 


2-9 ! 

I 1*3 

7/1 

4-2 

6-2 

7/1 


10 

1-7 

7/1 


3-0 j 

1*9 

No. of Cow . . 

X18. 

X66. 

j No. of 

Cow 1 

142. 

1 

No. of 

Cow 

180. 

186. 

8/1 

43 

2-5 

8/1 

1 

20 ! 

1-7 

I 8/1 


2-3 

2-9 

11/1 

4-4 

41 

ll/l 


1-9 

2-9 

11/1 

, , 

2-5 

3-2 

14/1 

60 

5 7 

14/1 

1 

1-8 1 

2*5 

1 14/1 

1 


1-9 

1 

21 


These results may be summarized as follows : — 

Mean milking-rate for control treatment . . — 2*74 Ib./rainute. 

Mean milking*rate for experimental treatment = 2-69 Ib./minute. 
Difference . . . . . . = 0*05 Ib./minute. 

This difference is not statistically significant. 

Table X gives the time-clock readings. 


Table X 


Period. 

• 1 

1 

Time, in Minutea. 

14f in. Vacuum. 

19 in. Vacuum. 

1 

6-20 

00 

2 

5-32 

511 

Means 

6-26 

5-22 


It would appear from the above results that over a period the level of 
i^aouom applied to the cows by a milking-machine does not significantly 
^ect the mindng-rate between the limits of 10 in. and 19 in. of mercury. 
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On the 10 in. vacuum, trouble was experienced in keeping the teat-cups on 
the cows. This would mean an increase in total milking-time, but as the 
recorder and clocks automatically stop when the cups fall off the effect 
would not show in our figures. When the cows were milked by .the 19 in. 
vacuum there were definite signs of discomfort. In order to see whether 
this effect in any way affected the letting-down of the milk the time in minutes 
taken for the first 0*64 lb. of milk to be delivered was measured. Table XI 
gives the results. 

Tabub XI 


Date. 

14| in. 
Vacuum. 

19 in. 
Vacuum. 

Date. 

14f in. 
Taonum. 

19 in. 
Vacuum. 

Date. 

14|in. 

Vacuum. 

19 in. 
Vacuum; 

No. of Cow . . 


B 

IIQIIIIQQQI 

04. 

X80. 



X277. 

1/1/46 

0-3 

0-3 

1/1 .. 

0-4 

0*2 

1/1 .. 

0-7 

0-5 

6/1 

0-2 

0-5 

6/1 .. 

0-3 

0-4 

6/1 .. 

0-4 

0-6 

7/1 

0-2 

0-6 

7/1 .. 

0-2 

0*4 

7/1 .. 

0-4 

0-2 

FTo. of Cow . . 

X4. 

89. 

No. of Cow 

X80. 

04. 

No. of Cow 

X277. 

121. 

8/1 

0-8 

0-3 

8/1 .. 

0*2 

0-5 

8/1 .. 

0-4 

0-6 

11/1 

10 

0-2 

11/1 .. 

0-3 

0-3 

11/1 .. 

0-3 

0-6 

14/1 

0*2 

0-3 

14/1 . . 

0-5 

0-4 

14/1 . . 

0-4 

1-1 

No. of Cow . . 

X66. 

XIS. 

No. of Cow 

167. 

142. 

No. of Cow 

186. 

180. 

1/1 

0-6 

0-3 

1/1 .. 

0-7 

0-6 

1/1 .. 

0-3 

0-5 

6/1 

0-4 

0-3 

6/1 .. 

0*3 

0-5 

6/1 .. 

0-6 

0-3 

7/1 

0-3 

0-2 

7/1 .. 

0*6 

1*8 

7/1 .. 

0-5 

0-6 

No. of Cow 

X18. 

X66. j 

j No. of Cow 

1 142 . 

107. I 

No. of Cow 

180. 

386 . 

8/1 

0-3 

0-2 

8/1 .. 

M 

0*4 

8/1 .. 

0*8 

0-6 

11/1 

0-2 

0-5 

11/1 .. 

0-6 

0*6 

11/1 .. 

0-6 

0-6 

U/1 

0-2 

0-2 

14/1 . . 

0-4 

0-3 

14/1 . . 

0-6 

0*6 


These results may be summarized as follows : — 

Mean let-down-time for control treatment . . = 0-444 minutes. 

Mean let-down-tin le for experimental treatment — 0-467 minutes. 

Difference . . . . . . . . = 0-023 minutes. 

This difference is not statistically significant. 

Evidently the effect of a high vacuum, though causing discomfort, does 
not result in the cows being slow to let down their milk. 

Our results do not agree with those of Smith and Peter8en(4), who find 
that higher vacuums are associated in a non-linear manner with higher 
milking-rates. No explanation is offered at present. The negative results 
of our experiments are somewhat surprising in the light of generally held 
beliefs, although in the field we have not found any marked association 
between fast milking and high vacuum. 

The effect of the different levels of vacuum on one of our cows is of some 
int^rest^ This cow is a tough milker ” whose averse milk-flow rate is 
co]isist0Uily low. The milk-flow rates for this cow during the vacuum 
ea^K»l#A^ are se^ out in Table XII. 
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Table XII 


Vacuam. 

10. 

UJ. 

19. 


A. 

A. 

B. 

B. 

Milk-flow rate, Ib./min. . . 

10 

1*8 

20 

2*3 


1-3 

21 

1-9 

21 

,, 

1*3 

1*5 

1-9 

1*7 

Means 

1*2 

1*8 

! 1-9 

2*0 


The difference between the curves for the 10 in. and 14fin. groups 
reaches significance, while that for the 14f in. and 19 in. groups does not. 

In Fig. 4 we have set out tracings of the milk-flow curvt*s given by this 
-cow under the three vacuums. In the case of this cow there is a noticeable 
relation between flow-rate and vacuum. Generally, however, this docs not 
apply to the remainder of the cows. 



General Discussion 

It is apparent from the foregoing experimental results that the cow is 
generally the limiting factor in the imlking process. The pulsator may give 
a “ snappy ” or a sluggish squeezing action, it may nm at 21, 42, or 84 
pulsations per minute, the vacuum may be 10 in. ,15 in., or 19 in. of mercury, 
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and there is no significant change in the machine-milking process. With the 
number of determinations of milk>flow rate at our disposal the experiments 
are not of a high order of precision It is likely that with larger numbers 
of trials some differences may become significant. However, at present we 
are concerned only with points of interest to the farmer. Finer differences 
which may throw light on the mechanism of milk let-down are the object of 
special study. These findings are a surprise when viewed from the point of 
view of present-day beliefs amongst the milking-machine experts. However, 
they are not quite so surprising if regarded in the light of the extraordinary 
vaiS^^j and condition of machines found in the field which actually milk 
€* satisfactorily. The results set out in this paper confirm our earlier 
conclusion : that shed routine is more important than the mechanical 
characteristics of the milking-machine. 
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Appendix 
Statistical Note 

An analysis of variance was made on each set of data. For this purpose all oowa 
receiving the control treatment during the first period were placed in Group A, all those 
receiving the control treatment during the second period in Group B. The distribution 
of variance between different factors was very similar in all cases, and the result from 
Table IX only is quoted here as an example. Table 1 was slightly different as one pair 
of cows had to be omitted because of a large number of missing values. 


Analysis of Variance of Table IX 


Variance due to — 

Dogreos of 
Freedom. 

Sum of Squares. 

Variance. 

Periods 


1 

008 

0*08 , 

Groups 

. . 

1 

016 

0*16 f 

Cows within Group A or Group B 


10 

163*13 

16*31 ^ 

Treatmepts .. 


1 

0*08 

0*08 1 

Error 


10 

13*20 

1*32 1 

Total 

. . 

23 

166*64 

7*26 


It can be seen that the variance due to individnal oow« is very high, while that doe 
to groups is low, because of go6d pairing, although theire were large differences between 
peinu /. 

The variance for “ error is the sum of the interaetioiis of periods X cows within 
n group. In only one case is this even at low iui the vorieuoe WeiMiBeiits, Ihdica t teg 
riiat themfMrigwcaace of the ^tr^mehv dlffateBces oaimot be sttribhted to n lack m 
accuracy hs obtainiiig the data. ^ ^ 
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